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Summary 
Seaweed beds are diverse and productive ecosystems in shallow water coastal areas. 
They provide ecological services such as attenuation of currents, contribute for the 
formation of the adjacent sediment in the form of bioclast, sedimentation of particles 
suspended in the water column and are a natural cradle for marine organisms. Besides 
their ecological importance, many economically natural resources are valuable for 
industry from the seaweed itself to the fish and crustacean which reproduce and 
develop in the phytal ecosystem. Because of the industrial potential of seaweed beds, 
uncontrolled harvesting of seaweeds took place in the northeastern coast of Brazil, 
starting in the 1960’s. This exploitation caused a massive transformation in the 
environment in at least one location known as Icapuí located in Ceará state – Brazil. 
As consequence, economically important fishes and lobsters disappeared from the 
region causing not only a negative ecological impact but also socially, as the local 
fishermen community relied on fishery resources for their own subsistence. 
Unfortunately, knowledge on the dynamics of seaweed beds and associated fauna is 
very limited especially in tropical areas such as along the South American coast. Small 
size metazoan associated with seaweeds such as the meiofauna are known to be food 
sources for higher trophic levels including economically important organisms. Also, 
because those small size organisms such as nematodes, graze on diatoms and 
cyanobacteria that grown on seaweeds surface competing for light and nutrients, they 
may play a role on controlling the populations of those microalgae. Studying the 
nematode communities, which are known for playing a key ecological role in marine 
ecosystems, could potentially provide insights on the dynamics of the phytal 
ecosystem. 
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We studied the spatiotemporal variation of the nematode communities at local scale. 
We used two seaweed species Sargassum polyceratium and Halimeda opuntia, 
measured the particle retention capacity of those macrophytes in regions more and 
less exposed to wave action by comparing two transects, 80 m apart and parallel to 
the beach line in Cupe Beach, Brazil over a five months period including rainy and dry 
seasons to: i) find temporal patterns of the nematode community; ii) look for differences 
in the nematode community between seaweeds; iii) test whether physical factors such 
as sediment accumulation and wave exposure would cause an effect in the 
abundances of the nematode community. We found that: a) nematode densities were 
higher during the rainy season (ANOVA) while the community composition was very 
similar with the genus Euchromadora being dominant in both seaweed species; b) the 
amount of sediment retained by the seaweed did not affect the total nematode 
abundances (ANOVA) but correlated positively with richness, showing in both 
seaweed species a positive correlation with the density of Draconema and 
Euchromadora (Spearman), two genera only found in seaweed and the spatial 
variation in the community appeared to be related to the level of exposure to the waves. 
We expanded the sampling scale during rainy season to 8 beaches along the Brazilian 
coast along 3540 km coastline under the influence of the North Brazil and Brazil 
currents and looked to the nematode communities associated with seaweeds of the 
genera Sargassum and Gracilaria and in the adjacent bottom sediment, in exploited 
and non-exploited beaches to: iv) estimate the resemblance level between the 
nematode community of each substrate to understand whether the nematode 
community present in the sediment could simply recolonize and completely restore the 
diversity found on seaweeds; v) to look for changes in the nematode community which 
could have been caused by historical harvesting; vi) to look for latitudinal nematode 
ix 
 
biodiversity patterns as two different sea currents. We found: d) that nematode 
assemblages present in the sediment may not completely restore the diversity found 
on seaweeds because the two communities were significantly different 
(PERMANOVA), meaning that by complete removal of seaweeds, the nematode 
genera richness loss can be substantial; e) although not conclusive, it is possible that 
seaweed harvesting decreases the abundances and diversity of the nematode 
communities depending on the intensity of the harvesting (ANOVA); and f) no 
latitudinal variation was observed but nematode communities from seaweeds were 
much more similar along the Brazilian coast compared with the ones found in the 
sediment (PERMANOVA and ANOVA).  
Connectivity between populations is an important factor for communities to withstand 
negative impacts. We used a new nematode species (Paracanthonchus gynodiporata 
sp. n.) that only occurred associated with seaweeds in two beaches with and two 
without historical exploitation and which were further divided by two opposite sea 
currents to: vii) test (Fst) whether those populations have strong population structuring 
due to genetic breaks caused by great distance (>1000 km) as well as by the two main 
divergent sea currents; viii) to look for effects on genetic diversity caused by historical 
harvesting; ix) describe the new species using the integrative taxonomy approach by 
combining morphology and molecular analysis using mitochondrial gene COI and test 
whether the genetic diversity is congruent with the morphology. We found that: g) an 
overall low genetic structure was observed between the populations despite the 
distance and  main sea currents; h) no evidence for an effect on the haplotype diversity 
was observed as a consequence of historical exploitation; and i) the genotypes were 
very conserved while the phenotypes varied significantly which is the opposite from 
many other nematode species where cryptic speciation is substantial.  
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A multiple species and molecular markers approach to create genetic libraries to better 
estimate diversity will be necessary in the future to understand better the connectivity 
and dynamics of seaweed beds in tropical areas and the effect of anthropogenic stress 
in phytal ecosystems.  
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Samenvatting 
Zeewierbedden zijn diverse en productieve ecosystemen in de ondiepe wateren van 
kustgebieden. Ze zorgen voor belangrijke ecologische diensten zoals de afname van 
zeestromingen, dragen bij tot de vorming van aangrenzend sediment tot bioklasten, 
verzorgen de afzetting van deeltjes in de waterkolom en zijn een natuurlijke wieg voor 
mariene organismen. Naast hun ecologisch belang, zijn de zeewierbedden 
economisch waardevol voor het zeewier zelf en voor de vissen en schaaldieren die 
zich in dit fytale ecosysteem voortplanten en ontwikkelen. Omwille van het industriële 
potentieel van zeewierbedden, werd het zeewier ongecontroleerd geoogst in het 
noordoosten van Brazilië sinds de jaren 60. Deze exploitatie zorgde voor een 
aanzienlijke transformatie van de omgeving in tenminste één locatie gekend als Icapuí 
in de staat Ceará – Brazilië. Ten gevolge hiervan verdwenen economisch belangrijke 
vissen en kreeften uit de regio, wat niet alleen resulteerde in een negatieve 
ecologische impact, maar ook socio-economische gevolgen had voor de lokale 
vissersgemeenschap  die voor hun eigen bestaansmiddelen afhankelijk zijn van de 
visserij. Jammer genoeg is de kennis over de dynamiek van zeewierbedden en de 
geassocieerde fauna beperkt, voornamelijk in tropische gebieden zoals de kust van 
Zuid-Amerika. Kleine Metazoa geassocieerd met zeewier, zoals meiofauna, zijn 
gekend als voedsel voor hogere trofische niveaus waaronder economisch belangrijke 
organismen. Daarnaast is het mogelijk dat deze Metazoa, zoals nematoden, grazen 
op diatomeeën en cyanobacteriën die groeien op het oppervlak van het zeewier en 
strijden voor licht en nutriënten, en zo een rol spelen bij de controle van de populatie 
van deze microalgen. De studie van de nematodengemeenschap, die gekend is om 
zijn ecologische sleutelrol in het mariene ecosysteem, kan een potentieel inzicht 
verschaffen in de dynamiek van het fytale ecosysteem.  
xii 
 
Wij bestudeerden de ruimtelijke en tijdelijke variatie van nematodengemeenschappen 
op lokale schaal. We gebruikten twee zeewiersoorten, Sargassum polyceratum en 
Halimeda opuntia maten gedurende 5 maanden de partikelretentie capaciteit van deze 
macrofyten in regio’s die min of meer blootgesteld zijn aan golven op het strand door 
twee transecten op 80m van elkaar en evenwijdig aan het strand te vergelijken 
gedurende vijf maanden die zich over droog- en regenseizoen uitstrekken om: i) 
tijdelijke patronen van de nematodengemeenschap te vinden; ii) te zoeken naar 
verschillen in de nematodengemeenschap tussen de zeewiersoorten; iii) te testen of 
fysieke factoren zoals de sedimentaccumulatie en blootstelling aan golven  een effect 
zou veroorzaken in de abundantie van de nematodengemeenschap. We vonden dat: 
a) de densiteit van nematoden hoger was tijdens het regenseizoen (ANOVA) terwijl de 
samenstelling van de gemeenschap zeer gelijkaardig bleef met het genus 
Euchromadora dominant in beide zeewiersoorten; b) de hoeveelheid sediment 
vastgehouden in het zeewier heeft geen invloed op de totale nematodenabundantie 
(ANOVA), maar correleerde positief met de rijkdom en met de densiteit van 
Draconema en Euchromadora (Spearman), twee genera die inkel in zeewier 
voorkomen, en de spatiale variatie in de gemeenschap bleek gerelateerd te zijn tot het 
niveau van blootstelling aan de golven. 
We breidden de schaal van staalname uit tot 8 stranden langsheen de Braziliaanse 
kust over 3540 km kustlijn die wordt beïnvloed door twee tegenovergestelde 
zeestromingen, de Noord Braziliaanse en de Braziliaanse zeestromingen en keken 
naar de nematodengemeenschap geassocieerd met de zeewiergenera Sargassum en 
Gracilaria en in het aanpalende bodemsediment, zowel op geëxploiteerde als niet-
geëxploiteerde stranden om: iv) het niveau van gelijkenis te schatten tussen de 
nematodengemeenschap tussen de substraten om te begrijpen of een 
xiii 
 
nematodengemeenschap simpelweg kan herkoloniseren en de diversiteit gevonden 
op het zeewier kan herstellen; v) te kijken naar veranderingen in de 
nematodengemeenschap die kunnen veroorzaakt zijn door historische oogsten; vi) te 
kijken naar latitudinale nematodenbiodiversiteitspatronen als twee verschillende 
zeestromen. We vonden dat: d) de nematodengemeenschap van het sediment de 
diversiteit gevonden in het zeewier wellicht niet volledig zou kunnen herstellen, omdat 
de twee nematodengemeenschappen significant verschillend (PERMANOVA) zijn. Dit 
betekent, dat bij de volledige verwijdering van het zeewier, het verlies van de genera 
rijkdom substantieel kan zijn; e) hoewel niet afdoend bewezen, is het mogelijk dat het 
oogsten van zeewier de abundantie en diversiteit van nematodengemeenschappen 
vermindert afhankelijk van de intensiteit van de oogst (ANOVA); f) er werd geen 
latitudinale variatie geobserveerd, maar nematodengemeenschappen van het zeewier 
waren veel meer gelijkaardig over de Braziliaanse kust in vergelijking met deze 
gevonden in het sediment (PERMANOVA en ANOVA). 
Connectiviteit tussen populaties is een belangrijke factor voor gemeenschappen om 
negatieve impact te weerstaan. We gebruikten een nieuwe nematodensoort 
(Paracantonchus gynodiporata sp. n.) die enkel voorkomt in het zeewier op twee 
stranden met en twee zonder historische zeewierexploitatie, en dewelke ook 
gescheiden werden door de twee tegenovergestelde zeestromen om: vii) te testen 
(Fst) of deze populaties een sterke populatiestructuur hebben ten gevolge van 
genetische breuken veroorzaakt door afstand (> 1000 km) en de twee divergerende 
zeestromen; viii) te kijken naar de effecten op de genetische diversiteit veroorzaakt 
door historische oogsten; ix) de nieuwe soort te beschrijven met gebruik van de 
integratieve taxonomie methode door combinatie van morfologische en moleculaire 
kenmerken waaronder het mitochondriaal gen COI en te testen of de genetische 
xiv 
 
diversiteit overeenstemt met de morfologie. We hebben gevonden dat: g) er een totale 
lage genetische structuur werd geobserveerd tussen de populaties ondanks de afstand 
en de zeestromen; h) er geen bewijs is voor een effect op de haplotype diversiteit als 
gevolg van de historische zeewierexploitatie; en i) de genotypes waren zeer 
geconserveerd terwijl de phenotypes een significante variatie vertoonden, wat 
tegenovergesteld is aan vele andere nematodensoorten waar cryptische speciatie 
substantieel is. 
In de toekomst zal het nodig zijn om genetische bibliotheken te creëren met een 
veelvuldige soorten en moleculaire markers methode, zodat we de connectiviteit en 
dynamiek van zeewierbedden in tropische gebieden en het effect van antropogene 
stress op fytale ecosystemen beter kunnen begrijpen.   
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1.1. Rationale  
1.1.1. Biodiversity 
The alarming worldwide decline in biodiversity has strong consequences for 
ecosystem functioning because biodiversity often increases ecosystem process rates 
and resource use, and affects ecosystem stability (Loreau et al. 2001, Loreau 2010). 
The year 2010 was elected by the United Nations as the International Year of 
Biodiversity and the urgency to reduce biodiversity loss was emphasized. The 
reduction of biodiversity is associated with several environmental processes such as 
global warming and habitat fragmentation caused by anthropogenic activities (Sala et 
al. 2000, Duffy 2003, Fahrig 2003). In particular, an effort to detect biodiversity hotspots 
is fundamental to safeguard biodiversity on our planet. Biodiversity hotspots are 
generally defined as biogeographic regions that have undergone exceptional habitat 
loss and exhibit high concentrations of endemic species (Myers et al. 2000). Many of 
these hotspot areas are located pantropically in agreement with the general latitudinal 
diversity gradient hypothesis (Hillebrand 2004). The latter assumes an increase in 
biodiversity from higher to lower latitudes around the globe (see also under 1.1.2.).  
 
1.1.1.1 Types of Biodiversity 
The word “biodiversity” is a contraction of the words “biological” and “diversity” 
introduced by Lovejoy (1980) and formally described in article 2 of the Convention of 
Biological Diversity (https://www.cbd.int/convention/articles/default.shtml?a=cbd-02. 
Accessed in 06/11/2016) as “the variability among living organisms from all sources 
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological 
complexes of which they are part; this includes diversity within species, between 
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species and of ecosystems”. Biodiversity can further be subdivided into three major 
groups (Norse et al. 1986): (1) genetic diversity defined as any measure that 
quantifies the magnitude of genetic variability within a population (Hughes et al. 2008), 
(2) species diversity defined in many different ways but sometimes simply referred to 
as the number of species (Hamilton 2005) and (3) ecological diversity. The latter 
includes species diversity, niche width describing the resource availability to a species 
over a spatiotemporal scale (Magurran 1988), and habitat diversity which deals with 
the structural complexity of the environment (Mumby 2001).  
 
1.1.1.2. Species Definition, Delimitation and Cryptic Speciation 
Researchers often find it complex to precisely estimate species diversity (Hamilton 
2005). This is partially due to the lack of agreement on the definition of “a species”. 
Overviews of different interpretations are given and discussed in (Mayden 1997), (De 
Queiroz 1998), (Harrison 1998) and(Hey 2006). Over more than 52 species definitions 
have been proposed (Wheeler and Meier 2000), each emphasizing one or more 
biological aspects. Although they do have a certain level of overlap, all species 
concepts face some limitation at some point. For instance, the biological species 
concept (Mayr and Ashlock 1991) implies that a species is a group of interbreeding 
natural populations which is reproductively isolated from other groups. However, it is 
difficult to address the level of “reproductive isolation” in view of the existence of 
hybrids, and to apply this concept to organisms that reproduce asexually. The 
evolutionary species concept states that “a species is a lineage of ancestral 
descendant populations which maintains its identity from other such lineages and 
which has its own evolutionary tendencies and historical fate” (Wiley 1978). However, 
individually diverging lineages which follow an evolutionary tendency now may 
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reticulate in the future (Adams 1998), indicating that they were not different species in 
the first place. The morphological species concept where species are the smallest 
groups of organisms that are consistently and persistently distinct and distinguishable 
by ordinary means (Cronquist 1978), and focuses on the morphological discontinuity 
between species or morphological distinctiveness whereby morphological differences 
are considered as surrogates for underlining genetic differences (Decraemer et al. 
2008). The limitation in this case is the morphological plasticity as a result of 
environmental variation (Reed et al. 2011) which decreases intraspecific resemblance 
(Chapter 4) or is the result of convergent evolution which may cause different species 
to look similar (Givnish et al. 1999, Lindgren et al. 2012, Muschick et al. 2012), or the 
result of morphological stasis (lack of change in phenotype)  while the genotypes are 
significantly distinct as observed in cryptic speciation. 
 Cryptic species are defined as two or more species which are erroneously classified 
under one species name (Bickford et al. 2006). Cryptic speciation illustrates that 
evolution of the genes is not always accompanied by morphological changes, which is 
particularly true for recently diverging species (Leliaert et al. 2014), and in organisms 
with well-developed chemosensory system in which pheromones may be more 
important for mating than morphology (nematodes - O’Halloran et al. 2006, Edison 
2009). Cryptic species can in some cases reflect ecological differences in food source 
preferences (Derycke et al. 2016), environmental tolerance (De Meester et al. 2011, 
De Meester et al. 2015), and/or reflect on distinct evolutionary histories (Elmer et al. 
2013, Glasby et al. 2013, Pérez‐Portela et al. 2013).  Consequently, there is an 
underestimation of species diversity which might be much higher than originally 
thought (Trontelj and Fišer 2009). With the  increase of available molecular tools, 
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cryptic speciation has been observed in a wide range of taxa spread all over the globe 
(Pfenninger and Schwenk 2007).   
Many species concepts are incongruent on how and at what point one should consider 
divergent lineages distinct species in the evolutionary history, also known as the “grey 
zone” (De Queiroz 1998, 1999, 2005)(Fig. 1). In an effort to unify the diverse species 
concepts, (De Queiroz 2007) focused on the congruence among the concepts making 
a distinction between species conceptualization and delimitation. The idea of species 
being a separately evolving metapopulation was categorized as a primary defining 
property of a species, and intrinsic reproductive isolation (biological concept) or 
morphological distinctiveness (morphological concept), as secondary defining 
property. As such, the definition of species (primary property) is separated from 
secondary property, used as evidence for lineage separation and delimitation.  
 
Figure 1. Independently evolving lineages and representation of the so called Gray 
Zone where different species concepts may conflict. Modified after De Queiroz (2007). 
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Molecular tools are very useful to delimit species boundaries but are not free of 
inconsistencies. Threshold for genetic distance to establish species boundaries in 
some cases might look arbitrary (Avise and Walker 2000, Meier et al. 2006). For 
instance the interspecific threshold for the mitochondrial DNA cytochrome oxidase 
subunit I (COI) varies across species (Ferguson 2002, Will and Rubinoff 2004, DeSalle 
et al. 2005) and can be subjective as the intra- and interspecific variation values 
approach the threshold value.  
Stochastic evolutionary processes which lead to lineage differentiation such as genetic 
drift (more details in 1.1.3.) play an important role on diverging lineages. The way in 
which alleles that are inherited and lost by diverging lineages may result in a non-
monophyletic tree compared with the species tree, which is known as incomplete 
lineage sorting (Fujita et al. 2012). Among others, evolutionary processes such as 
hybridization, and trans-species polymorphism where recently diverging lineages 
share a number of alleles (Klein et al. 1998) can blur species delimitation. Fortunately, 
a growing number of statistical models based on the coalescent theory (Fujita et al. 
2012) with single and multilocus data have been developed for species delimitation. In 
our work we agree with the species conceptualization proposed by De Queiroz (2007), 
and have used a combination of multiple independently evolving loci (nuclear and 
mitochondrial - Chapter 4) to support our species delimitation. The task of describing 
biodiversity involves different approaches, different disciplines and is of fundamental 
importance to understand ecological and evolutionary processes, and to estimate how 
far natural or anthropogenic changes in the environment will affect the fate of the 
ecosystems.   
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1.1.2. Latitudinal Biodiversity Gradient 
The latitudinal biodiversity gradient states that there is an increase in biodiversity from 
the poles to the tropics, symmetrically in both hemispheres, for active and passive 
dispersers in terrestrial and aquatic habitats around the world (Hillebrand 2004). There 
are three main hypotheses to explain this general pattern from an evolutionary angle 
(Mittelbach et al. 2007). (1) Higher diversification rates in the tropics largely based on 
the hypothesis that higher temperatures increase the speed of evolutionary processes 
(Rohde 1992, Allen et al. 2002) (2) Same diversification rate across the same latitude 
but diversification time in the tropical region is longer. This hypothesis which is in 
contrast with the first, states that tropical environments are just older with many clades 
originating from the tropical zone, (Wallace 1878, Fischer 1960, Futuyma 1998, Wiens 
and Donoghue 2004), and that dispersal of instant clades outside the tropics is recent 
and more limited (Farrell et al. 1992, Latham and Ricklefs 1993, Brown and Lomolino 
1998, Futuyma 1998). (3) Different extinction rates deal with the hypothesis that 
environmental stability is higher in the tropics (Darwin Charles 1859, Wallace 1878, 
Fischer 1960) and combined with spatial capacity, the tropical region harbours larger 
population sizes and higher species diversity (Terborgh 1973, Rosenzweig 1995). The 
latter two features would lead to lower extinction rates in the tropics compared to 
temperate regions.  
 
1.1.2.2. Latitudinal Patterns in Small-Size Metazoans 
Despite the general global latitudinal pattern for biodiversity (an increase in biodiversity 
towards low latitudes), this pattern does not always apparent. For meiofaunal 
organisms, biodiversity patterns seem to be taxon and habitat related. A study 
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investigating the meiofauna from sandy beaches, ranging from higher (artic) to lower 
latitude (tropics), found no latitudinal pattern for the true meiofauna (Kotwicki et al. 
2005). Biodiversity patterns in nematodes largely vary and can have (1) no latitudinal 
pattern: biodiversity is driven by food rather than latitudinal gradient (deep sea - 
Lambshead et al. 2000; 2002); (2) intercalation of biodiversity between zones, i.e. 
higher diversity in the tropics and temperate zone, and lower diversity in subtropical 
and polar zones are observed (estuaries - Fonseca & Netto 2015); and (3) higher 
species diversity in the tropics: biodiversity follows the general global latitudinal pattern 
(sandy beaches - Lee & Riveros 2012). However for the latter pattern,  species 
richness may be higher at low latitudes, while from a phylogenetic point of view, 
diversity can be lower as  low-latitude assemblages may be phylogenetically closer 
related compared to higher latitudes assemblages (wetlands - Wu et al.  2016). It has 
been demonstrated that specially for nematodes, biodiversity patterns are not always 
followed by the general latitudinal biodiversity gradient, and many times depend on the 
kind of environment they live in. There are some important environments which could 
receive more attention in this aspect. Information on latitudinal gradient pattern for 
epiphytic small metazoans are currently unclear, and studies on this ecosystem could 
contribute to our understanding of biodiversity in shallow water ecosystems across a 
latitudinal gradient, and the evolutionary processes which led to the current pattern. 
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1.1.3. Evolutionary Processes and Connectivity, and the Advance of Molecular 
Methods 
 1.1.3.1 Evolutionary Processes 
Mutation, genetic drift, selection and gene flow are all important processes involved in 
differentiating populations (Hartl 2000). Mutation is one of the fundamental phenomena 
underlying evolution by increasing genetic variability (Nei 1983, 1987). This genetic 
variability can be observed in different copies of a gene (alleles). Provided there is a 
barrier to gene flow between two populations, and that there is enough time, fixation 
of alternative selected alleles (divergent selection) can ultimately lead to profound 
genetic differentiation between lineages, culminating in speciation (Coyne and Orr 
2004). Speciation can occur at different conditions: Allopatric – lineages are 
geographically separated e.g. by a vicariant event such as the emergence of a physical 
barrier preventing gene flow between populations; Peripatric – which can be 
considered a type of allopatric speciation where a small peripheric subpopulation is 
separated from the main population without gene flow between this subpopulation and 
the original population; Parapatric – occurs when speciation takes place between 
contiguous populations, i.e. populations are partially separated but still overlap at a 
certain level and; Sympatric – speciation occurs within the same area (overlap) of the 
offspring. It has some similarity with parapatric speciation but differs from the former 
because premating reproductive isolation takes place before a population shifts to a 
new niche (Mayr 1963, Bush 1975) (Fig. 2).  
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Figure 2. Allopatric, peripatric, parapatric and sympatric speciation. Modified after 
Renema 2015. 
 
In contrast with mutation and divergent selection, there are important evolutionary 
processes that decreases genetic diversity. A significant decrease in population size 
caused by e.g. predation, resulting in a decrease of a population gene pool, 
characterizes a genetic bottleneck (Wright 1931, Nei et al. 1975, Chakraborty and Nei 
1977, Nei 1977) . This pressure can be of anthropic origin, as for instance overfishing 
(Pinsky and Palumbi 2014), causing massive changes in population size, affecting 
allelic frequencies. The random loss of alleles  over generations is known as genetic 
drift, a process that is always acting but is particularly  important in small populations. 
Differences in allelic frequencies can also be a result of the founder effect, i.e. when 
a small fraction of a source population (underrepresenting the original gene pool) 
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colonizes a new area, allowing for rare alleles to reach higher frequencies compared 
with the source population (Mayr 1942, Matute 2013). In ephemeral habitats, the 
founder effect can play an important role in shaping the genetic diversity and structure 
of the populations as colonization dynamics are likely to be high (nematodes - Derycke 
et al. 2007). Despite the loss of genetic diversity after a deleterious event (e.g. 
bottleneck), some variety of alleles might persist in the gene pool for much longer than 
is expected by natural genetic drift as a result of balancing selection (Aguilar et al. 
2004), which favours the maintenance of heterozygosity in populations (Hedrick 2007). 
This is important because it maintains a certain level of genetic diversity which may be 
crucial for populations to withstand adverse environmental conditions.   Gene flow is 
the exchange of alleles between populations e.g. through migration (Wright 1943), 
leading to reduced differentiation between populations. 
 
1.1.3.2. Environmental Variation and Genetic Diversity 
Genetic diversity generates critical response diversity for species to adapt to changing 
environments (Ehlers et al. 2008, Wilkinson et al. 2010) and can even be increased by 
gene flow. In general, the higher the connectivity between populations, the higher the 
resilience to withstand negative impacts (Duffy et al. 2001, Loreau et al. 2001, Duffy 
2003, Cook et al. 2007, Ehlers et al. 2008, Hughes et al. 2008). However, in some 
occasions, higher connectivity may also have a negative effect, allowing for non-native 
organisms to swamp the native populations with alleles that are locally less fit 
(migration load - Hu & Li 2003). Studies estimating connectivity are very important to 
understand how populations can respond to changes in the environment they are 
embedded in. 
13 
 
1.1.3.3. Connectivity and Estimation Methods  
Connectivity can be seen as a broad concept which encompasses different aspects of 
physical factors and how the organisms interact in terms of behaviour, migration and 
reproduction capacity. One of the first concepts of connectivity was proposed by Taylor 
et al. (1993), who focused on the physical aspect in terrestrial ecosystems, stating that 
connectivity is the degree in which the landscape prevents the movement among 
resource patches. Later on, a concept that suits better with aquatic ecosystems was 
proposed, which also included hydrologic connectivity (Pringle 2003). Other authors 
introduced more biological details in which connectivity is the net result of transport, 
larval survival, settlement and post-larval survival (Pineda et al. 2007). Currently, 
demographic and genetic (Lowe and Allendorf 2010), together with the above 
mentioned aspects, are important aspects to directly or indirectly infer connectivity 
levels.  
Direct methods to infer connectivity involve mark-recapture techniques where the 
target organism is tagged in point A and the same tagged organism is recaptured in 
another moment in point  B (Webster et al. 2002, Jacobson and Peres-Neto 2010). 
This method is precise and provides valuable information. Organisms connectivity can 
also be remotely estimated by means of tagging the target organism and tracking them 
using high frequency radio devices, weather radar and/or satellites (Millspaugh and 
Marzluff 2001, Rutz and Hays 2009, Randall et al. 2011). However, direct methods 
also have limitations, including organism size (for very small ones e.g. nematodes), 
large population size and distances (Kool et al. 2013). Moreover, direct methods are 
more limited to a demographic time-scale.  
Indirect methods are very important tools to estimate connectivity at an evolutionary 
time-scale. Levels of connectivity can be indirectly estimated by measuring the allelic 
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frequencies between populations by means of a fixation index (Fst), which is based on 
Wright’s F statistic (Wright 1921, 1949). It compares the average heterozygosity within 
a subpopulation with the total heterozygosity. This calculation assume the Hardy-
Weinberg principle (Hardy 1908, Weinberg 1908) which states that the allelic 
frequencies should be constant in subsequent generations in the absence of 
evolutionary forces as previously described (mutation and selection). Fst values range 
between 0 to 1, where 0 is the total absence of differences in allelic frequencies 
between subpopulations and 1 implies that the allelic frequencies between 
subpopulations are completely different, i.e. completely fixed for alternative alleles. 
Wright (1978) categorized the degree of population genetic structure (Fst) as follows: 
little (0.0-0.05), moderate (0.5-0.15), large (0.15-0.25) and very large (above 0.25) 
genetic differentiation. Differently from diploid data where the level of heterozygosity is 
measured, haploid data uses the haplotype diversity to estimate genetic structure 
(Excoffier et al. 1992). 
  
1.1.3.4. Advances in Population Genetic Study Methods 
Early population genetics studies, included, among others, the use of blood cell 
antigens or serum proteins to estimate locus polymorphism. In 1966, Lewontin and 
Hubby introduced a molecular method using allozymes and electrophoresis to estimate 
polymorphisms. With the development of the Polymerase Chain Reaction (PCR) in the 
1980’s (Mullis et al. 1986), researchers quickly adopted the technique as observed in 
the steep growth of publications (Bartlett and Stirling 2003). Nowadays, this technique 
is still often used and is also applied in the current study (Chapter 4). With DNA 
sequencing, researchers were able to detect variations at a single base pair (bp), 
increasing the level of detail in genetic variation between populations. Currently, next 
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generation sequencing is providing an increasing amount of genomic data, allowing 
studies to test for specific environmental conditions (e.g. temperature), and their effect 
in the organism genome (Bank et al. 2014). This type of information is important 
because it provides insights on allelic selective forces underlying lineages 
differentiation. Finally, such approach could reveal microevolutionary mechanisms, 
allowing for more precise predictions of population genetic response and fate to 
changing environments.   
 
1.1.3.5. Connectivity in Marine Environments 
Fragmentation of the environment has a very strong negative effect on natural 
populations, such as in the Brazilian Atlantic Forest (Chiarello 1999), because it limits 
population connectivity, hampering gene flow among populations. Fragmentation also 
affects marine biota, and can be particularly harmful in regions recognized as 
biodiversity “hotspots”, such as the Mediterranean Basin, the Philippines and also the 
Abrolhos reef Bank in Brazil (Ginsberg 1999, Myers et al. 2000, Francini-Filho et al. 
2010). Information on biodiversity and connectivity is still scarce for Brazil’s marine 
coastal ecosystems which represent about 60% of the Atlantic South American 
coastline (Angulo et al. 2006). Studies on this subject in Brazil are usually focused on 
large organisms such as coral reefs (D’Agostini et al. 2015), sea turtles (Gallo et al. 
2006), wales (Wedekin et al. 2010), and on species that have a direct economic 
importance such as tuna (Paiva and Le Gall 1975). Nevertheless, studies on small size 
organisms are equally important to understand species interactions and ecosystem 
dynamics. Populations of marine biota were generally considered to have higher 
connectivity compared to the terrestrial environment because of their greater capacity 
of passive dispersal and the presumable higher homogeneity in the ocean (Kinlan and 
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Gaines 2003). Therefore, fragmentation was likely more harmful in terrestrial than 
marine environments (Carr et al. 2003). However, water currents and distinct biological 
attributes of larvae now show that population connectivity in the marine environment 
may be much lower than first thought (e.g. Amphiprion polymnus - Jones et al., 2005; 
Lottorina spp. - Hohenlohe 2004). Population genetic studies are highly suitable to 
understand connectivity because they describe the distribution and frequency of alleles 
and highlight potential gene flow between populations. More studies investigating the 
link between genetic diversity and ecosystem stability (Hughes and Stachowicz 2004, 
Reusch et al. 2005, Vellend 2006), are necessary to improve our knowledge on how 
communities respond to different impacts. 
 
1.1.4. Biodiversity - Ecosystem Functioning 
As they provide benefits not only to society but also to ecosystem health as a whole, 
the importance of ecosystem services is more and more recognized (Loreau 2010). 
Ecosystem services can be divided into four categories: (1)  Supporting - which is the 
basic service and involves nutrient cycling, soil formation and primary production, (2) 
Provisioning – which concerns the products from the ecosystem such as food and 
fresh water; (3) Regulating – is the service that balances the processes such as 
climate, flood, disease regulations and water purification and (4) Cultural – which 
involves human activities such as aesthetic, spiritual, educational and recreational 
ones (Millennium Ecosystem Assessment 2005). Those services are a result of 
complex ecological processes involving the interaction among organisms and between 
organisms and the environment such as nutrient cycling and energy transfer in the 
foodweb  (Millennium Ecosystem Assessment 2005, McGregor et al. 2008).  
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Biodiversity seems to be a fundamental component of ecological processes. Many 
studies focused on experiments with plant primary production, as they are the basal 
component of most ecosystems (Tilman 1996, Tilman et al. 1996, Loreau et al. 2001). 
It has been observed that in general, the higher the species richness, the higher the 
productivity. There are two main mechanisms, that could be underlying the observed 
results: (1) the increase in primary productivity could be a result of facilitation 
between species, i.e. the higher the richness the higher the number of different niche 
complementary species which facilitate the acquisition of limiting resources, enhancing 
primary productivity (Hooper and Vitousek 1997, Hector et al. 1999, Tilman et al. 2001); 
and (2) there exists one key highly productive species that is fundamental to maintain 
the process. These two main mechanisms seem to be at two different ends of a rope, 
and some responses to increase/decrease of productivity, may lay in between this 
gradient as a combination of both facilitation and presence of a dominant highly 
productive key species (Loreau et al., 2001). In general terms, it appears that the 
higher the biodiversity the more enhanced ecological processes are. In marine 
ecosystems the same trend is observed. Worm et al. (2006) demonstrated, by doing a 
meta-analysis combining different studies (with plant and marine seaweed), that with 
the increase in species diversity, both primary and secondary productivity also 
increased, ranging from 78% to 80% . Moreover, growth in genetic diversity also 
increased the capacity of an ecosystem to withstand disturbance, and enhanced  the 
capacity of the ecosystem to recover after a disturbance (Hughes and Stachowicz 
2004, Reusch et al. 2005).  
 
 
 
18 
 
1.1.4.1. Biodiversity and Ecosystem Stability 
Ecosystem stability can be defined as a temporal constancy of functions established 
by the community resilience, after a disturbance and resistance to environmental 
change (Worm and Duffy 2003).There are four main hypotheses concerning 
ecosystem stability (Fig. 3); (1) Diversity-stability hypothesis: it establishes a linear 
relationship between species diversity and ecosystem stability, where the removal of 
any species would increase the ecosystem susceptibility (MacArthur 1955); (2) Rivet 
hypothesis: proposes that an ecosystem can withstand the removal of some species 
without increasing the susceptibility of the ecosystem because some species may be 
functionally redundant. However, beyond a certain threshold of species loss, the 
ecosystem would suddenly and catastrophically  collapse. This hypothesis establishes 
a non-linear but a positive relationship between species diversity and ecosystem 
stability (Ehrlich and Ehrlich 1981); (3) Redundancy hypothesis: organizes species 
in functional groups with species belonging to the same group being redundant. It 
creates a non-linear relationship between species diversity and ecosystem stability, 
and the increase of species diversity will reach an asymptote where the species 
diversity no longer enhances ecosystem stability (Walker 1992); and (4) Idiosyncratic 
hypothesis: proposes a null or indeterminate relationship between species 
biodiversity and ecosystem stability. The more complex the interactions between 
species are, the more difficult it is to estimate the relationship between diversity loss 
and ecosystem susceptibility to disturbance (Lawton 1994). Studies have 
demonstrated that higher species diversity often increases the ecosystem stability 
(Worm and Duffy 2003). However, other studies emphasize that the level of interaction 
between species can be a more important process playing a role in stability than  
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species diversity alone (Johnson et al. 1996, Loreau et al. 2001). Another important 
component of ecosystem stability is resilience.  
 
Figure 3. Relationships between ecosystem processes and species richness. (a) 
Diversity-stability hypothesls; (b) Rivet hypothesis; (c) Redundancy hypothesis; (d) 
Idiosyncratic hypothesis. Modified after Johnson et al. 1996. 
  
Resilience can be defined as the capacity of an ecosystem to absorb disturbance and 
return to its original state (self-organize) in structure, function and feedbacks (Walker 
et al. 2004), which also has a direct relationship with biodiversity (Folke et al. 2004). 
Anthropic pressure can go beyond  the resilience capacity of an ecosystem, causing 
shifts in the community structure. For instance, overfishing in the Caribbean has led to 
a succession of redundant herbivore species over time, but without generally affecting 
the primary producers (e.g. seaweed) population sizes. However, with the continuous 
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and intense anthropogenic pressure, those herbivores populations decreased 
dramatically, causing the ecosystem to shift from coral reef-dominated to algal-
dominated (Knowlton 1992, Hughes 1994, Folke et al. 2004). Studies investigating the 
resilience of ecosystems are crucial to understand and predict the fate of ecosystems. 
Particular attention should be given to ecosystems that have direct contact with human 
activities, such as shallow water coastal areas, which provide important ecological 
services and can potentially harbour high levels of biodiversity such as phytal 
ecosystems.    
 
1.1.5. Phytal Ecosystem 
The term “phytal” (Greek, Phyton = plant) was first proposed by Remane (1933) to 
designate a marine habitat dominated by macrophytes, such as seaweed (Coull et al. 
1983) and seagrass (De Troch et al. 2001), coexisting with many other organisms 
constituting an important marine biocenosis in shallow water regions. Phytal 
ecosystems (Fig. 4) are known for being highly productive ecosystems that harbour 
thousands of associated organisms in seaweed beds (Coull and Wells 1983, Mineur 
et al. 2015, Takao et al. 2015), from vertebrates such as fish (Dubiaski‐Silva and 
Masunari 2008) to many other invertebrates such as copepodes, nematodes and 
polychaetes (Coull et al. 1983), from megafauna (sea turtles – Bjorndal 1985), to 
microscopic non-metazoan organisms (Protozoa – Davidova 2010; Cyanobacteria – 
Bour et al. 2013),  comprehending all trophic levels (Coull et al. 1983, Ferreira et al. 
2001, Da Rocha et al. 2006, Dubiaski‐Silva and Masunari 2008, Wahl et al. 2012). 
Economically important species from tropical regions, such as the commonly 
consumed lobster (Panulirus argus) which can have their whole life cycle associated 
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with calcareous and non-calcareous seaweeds (Bos et al. 2003), the fish 
Hemiramphus balao, different species of cuttlefish Sepia officinalis (Neves et al. 2009) 
and abalone Haliotis rufescens, H. fulgens, H. discus (Tenore 1976), use the seaweed 
beds as a nursery site (Arasaki and Arasaki 1978).  
 
Figure 4. Seaweed bed dominated by brown macroalgae in the Australian coast. Image 
obtained from Sydney Institute of Marine Sciences. 
http://sims.org.au/foundation/sydney-harbour-research-project. 
 
1.1.5.1 Seaweed Beds at Local scale 
Seaweed beds are involved in many ecosystem processes. The presence of seaweed 
mats can significantly decrease currents velocity while increasing the sedimentation 
rate (Romano et al. 2003), and act as pH and dissolved oxygen buffers (Komatsu 1989, 
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Komatsu et al. 1990). Coralline seaweeds, which accumulate calcium carbonate within 
their cell walls, are important as reef builders in shallow water ecosystems; they 
increase habitat complexity and provide hard substrate for other organisms to attach 
and develop on (Björk et al. 1995, Brown and Taylor 1999). Individuals from the genus 
Halimeda, a calcified seaweed, are known to contribute to the sediment composition 
through thallus fragmentation (bioclast) (Carson and Peterson 2012). Moreover, thallus 
fragments from various seaweed species ultimately sink to the bottom, also 
contributing to the detritus food chain (Chung et al. 2013). Marine seaweeds provide 
microenvironments for shelter, food and reproduction of meiofauna organisms (Hicks 
1977, Coull and Wells 1983, Song et al. 2010) which serve as food source for higher 
trophic levels (Hicks and Coull 1983). Frequently, copepods are the dominant 
meiofauna organisms followed by nematodes, and other less abundant taxa such as 
polychaetes, ostracodes and turbelarians (Coull et al. 1983, Curvelo and Corbisier 
2000). The structural complexity of diverse seaweed thalli provides numerous 
microhabitats mitigating the effects of hydrodynamic forces and predation on the 
associated meiofaunal community (Coull and Wells 1983). In addition, the 
accumulation of sediment seem to increase the number of microhabitats, which in turn, 
provide a more suitable condition for meiofaunal colonization (Gibbons 1988). 
Exposure also appears to be an important factor for phytal meiofauna. On seaweeds 
occurring in sites more exposed to wave action, meiofaunal taxa which are dominant 
in the sediment, such as nematodes, are less abundant (Heip et al. 1985). In contrast, 
the more protected and closer to the sediment and detritus a portion of the seaweed 
thallus is (e.g. holdfast), the higher the abundance of interstitial meiofauna (Arroyo et 
al. 2004, Arroyo et al. 2007, Giere 2008). However, when fronds and holdfast are 
heavily loaded with silt-clay or detritus, nematodes tend to dominate (Coull et al. 1983).  
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Since copepods are usually dominant on macrophytes, it is possible that some species 
can develop more efficient adaptations, such as claws, for phytal substrate to better 
withstand higher hydrodynamic condition and thus depend less on sediment 
accumulation on the macrophyte compared to nematodes. In fact, phytal meiofauna 
found in seaweed beds often exhibit morphological and behavioral adaptations to the 
morphology of the algal substrate. Some adaptions are the development of claws, a 
sucker-like structure, a flattened body and mucous substances to improve adherence 
(Wieser 1959, Warwick 1977, Gee and Warwick 1994a, Gee and Warwick 1994b, 
Giere 2008). Further, meiofaunal organisms can behave differently depending on the 
taxon and period of the day. For example, nematodes and copepods are together on 
the seaweed during the day, while at night they separate: copepods swim towards the 
water column while nematodes migrate towards the bottom sediment; this different 
strategy was interpreted to avoid fish predation for both organisms (Kolesnikova et al. 
1996).  
Few meiofaunal phytal organisms feed directly from the cells of the algal substrate, 
possessing adapted mouth structures such as species from the genera Halenchus 
(nematode) and  Echiniscus (tardigrade) (Giere 2008). Most of the meiofauna use the 
seaweed only as a substrate, feeding on the epigrowth biofilm, (e.g. feeding on diatoms 
- Athersuch, 1979; Jensen P. 1984; Arroyo, et al., 2007). Studies with phytal 
macrofauna showed that the grazing activity, mostly from amphipods, can have 
positive, neutral or negative effect on the macroalgae productivity, depending on 
whether the species feed exclusively on the epiphytic diatoms or feed also or 
exclusively on the host seaweed (Brawley and Adey 1981, Norton and Benson 1983, 
D'Antonio 1985, Duffy 1990). It is still unclear however, whether the specialized mouth 
apparatus of non-macroalgal feeding meiofauna allows to remove epiphytic diatoms 
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without damaging the host seaweed, and to what extend meiofaunal phytal organisms 
contribute to seaweed productivity. A mutualistic relationship between the associated 
fauna and the seaweeds is also present. While the seaweed provides grazing sites, 
they benefit from the nitrogen present in the ammonium excreted by the meiofauna, as 
observed for the seaweed Cladophora (Bracken et al. 2007). Overall, besides the 
complex interspecific interactions, it appears that exposure, tidal stress and the algal 
complexity are very important physical factors shaping the composition and the 
microdistribution of the littoral phytal meiofauna (Gibbons 1988, 1991, Atilla et al. 2005, 
Hooper and Davenport 2006).   
 
1.1.5.2. Seaweed Beds at Medium Scale (between beds)  
From a local to medium geographical scale (few to hundreds of km), population 
connectivity also plays an important role in seaweed bed dynamics. Reefs and 
seaweed beds are often coexisting habitats and studies demonstrated that connectivity 
enhanced the biomass of herbivore fishes, which control algal population and increase 
ecosystem resilience (Olds et al. 2012). It has been shown that higher levels of 
connectivity between ecosystems increase the larval recruitment of fishes that live in 
multiple habitats  including seaweed beds (Berkström et al. 2012). Seaweed rafting is 
considered an important mechanism involved in dispersal and evolutionary processes 
for marine organisms (Thiel and Haye 2006), especially for organisms without pelagic 
larvae (Collin 2001, Porter et al. 2002, Sponer and Roy 2002, Colson and Hughes 
2004). Although seaweeds are considered to be poor dispersers (Phillips 2013), 
studies have demonstrated that some seaweeds themselves are able to cross large 
distances via drift (Guillemin et al. 2014, Li et al. 2016). Epiphytic meiofauna that can 
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withstand such long seaweed dispersal, could potentially colonize far away but similar 
ecotopes.  
 
1.1.5.3. Seaweed Beds at Global Perspective  
Seaweed beds are also an important at global level. Considering the current scenario 
of a significant increase of greenhouse gases, seaweed beds contribute to CO2 fixation 
by converting it into biomass via photosynthesis. It is has been estimated in a study in 
Japan that about 32.000 tons of carbon are fixed per year just by seaweed cultivation, 
which corresponds to 1.2% of the annual macrophyte production along the Japanese 
coast (Muraoka 2004). Although marine habitats vegetated with macrophytes accounts 
for less than 2% of the sea surface area, it contributes for about 50% of the carbon 
fixation in the global coastal oceans (Duarte et al. 2005). Because of their potential for 
removing CO2 from the atmosphere, seaweed cultivation has been suggested as a 
way to mitigate the effects of global warming (Chung et al. 2013). However, some 
seaweed species are more susceptible to the acidification of the sea as a result of the 
increase in CO2 levels, especially the ones in which the development involves 
calcification of the thallus (Halimeda species - Price et al., 2011).  
Despite the importance of the phytal ecosystem in coastal areas, knowledge on the 
biodiversity and the dynamics of the associated organisms is still very limited, 
especially in tropical areas such as in Brazil (Da Rocha et al. 2006, Venekey et al. 
2008). Considering the fact that molecular advances have revealed the presence of 
cryptic species (Blaxter 2004, Derycke et al. 2008a, Derycke et al. 2010a, Apolônio 
Silva De Oliveira et al. 2012), the biodiversity of such ecosystem is likely to be 
underestimated.  
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1.1.6. Historical Background of Seaweed Exploitation 
1.1.6.1. Human Interactions with Seaweed Beds 
Seaweed beds are suffering from anthropogenic pressure (Mineur et al. 2015). 
Domestic pollution in coastal areas contributes to eutrophication by increasing P and 
N levels causing a tremendous increase in harmful microalgae. The latter intoxicate 
several forms of life including economically important fishery resources (Imai et al. 
2006). The increase of nutrients makes epiphytic seaweeds e.g. Enteromorpha and 
Ulva  reach high densities, thereby, outcompeting other seaweeds, blocking sunlight 
and as the seaweeds die and decompose, decrease the level of water dissolved 
oxygen (Lotze et al. 1999, Schramm 1999)  Schramm, 1999). Tourism is also an 
activity which has a direct impact on seaweed beds e.g. by trampling (Sarmento and 
Santos 2012). This is particularly true for phytal ecosystems on rocky bottom 
substrates and reefs. Tourists tend to step on those hard substrates, causing damage 
and decrease of the abundances and diversity of the associated fauna (Brown and 
Taylor 1999). Overexploitation of seaweeds, because of economically important algal 
products (Câmara Neto 1987) also strongly impact phytal ecosystems, causing habitat 
loss and affecting coastal fisheries’ resources such as shrimps, lobsters (Miller et al. 
1971) and fishes especially in early developmental stages. Phycocolloids (e.g. 
carrageenan, alginate and agar) are industrially very important due to their stabilizing 
and thickening properties. Those colloids are extracted from red (Rhodophyta) and 
brown (Phaeophyta) seaweeds and are used in a variety of products. About 5.5 to 6 
billion  US$ per year in products are used mostly for human consumption (McHugh, 
2003). Phycocolloids are also used in pharmacological (cosmetics) and agricultural 
industry (fertilizers, pesticides and pH soil buffers) (Aitken and Senn 1965). Seaweeds 
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usage dates from the 6th century in China and currently they are used in many 
continents (McHugh 2003) including South America. 
 
Figure 5. Map of Brazil and sampling sites of the current study in the northeastern 
(Flecheiras (CE); Pirambu (CE); Icapuí (CE); Muriú-RN; Cupe (PE); Ponta Verde (AL)), 
southeastern (São Sebastião (SP)) and south (Ubatuba (SC)) Brazilian coast, 
indicating the main sea currents.  
 
1.1.6.2. Start of Seaweed Exploitation in Brazil 
In Brazil (Fig. 5), seaweed exploitation dates from the early 1960’s along the 
northeastern coast (de Paula et al. 2015, Marinho-Soriano 2016). Most of those 
activities were developed informally which made it impossible to gather substantial 
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data. The information presented here is obtained from few published studies, 
interviews of local fisherman (audio files), and online text and videos about the 
cultivation background, which allowed to pinpoint some relevant events in specific 
beaches along the NE Brazilian coast. Moreover, due to the temporary nature of some 
projects in collaboration between the traditional fishermen community and 
developmental organizations and institutes, some online references are no longer 
available and are indicated by a “*”.  
 In the 1960’s, a Japanese company observed the industrial potential of the seaweed 
beds in the NE Brazilian coast, and made an informal agreement with the traditional 
fisherman community to extract the seaweeds (De Paula et al. 2015, and local 
communication). Exploitation started in the coast of the states of Ceará (CE), Rio 
Grande do norte (RN) and Paraíba (PB) (Marinho-Soriano 2016). Although seaweeds 
from the genera Gracilaria, Gracilariopsis, and Hypnea are the most relevant 
seaweeds to exploit, seaweeds were, at the beginning, indiscriminately extracted. In 
Icapuí-CE,  seaweeds were initially collected on the beach after they became detached 
from the rocky substrate from the intertidal zone. However, as the traditional fisherman 
community saw seaweed exploitation as a potential extra source of income, seaweeds 
were directly extracted from the natural bed, and in many cases, even bringing along 
the hard substrate to which the seaweeds were attached to (De Paula et al. 2015). In 
the 1970’s, exploitation of the natural seaweed bed started in Flecheiras-CE, also in a 
similar uncontrolled manner as observed in Icapuí-CE (Rocha 2013).  
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1.1.6.3. Production Estimation, Socio-ecological Impact 
Records of seaweeds exploitation extended to several other beaches in the NE of 
Brazil, as for instance the beaches of Baleia (CE) and Muriú (RN) 
*(http://www.nutrialgas.com.br/index_arquivos/ProjetoAlgasMarinhas.htm, and 
fisherman local communication). It is estimated that the overall peak production in 
Brazil was between 1973-1974, exporting about 2000 tons per year to Japan 
(UNCTAD/GATT 1981), nevertheless the year of peak production varied from place to 
place. Exploitation intensified as a result of increasing demand (Marinho-Soriano, 
2016), and the need for logistic improvement to process the seaweeds and improve 
the quality of the exported product came to light. In 1977, the first factory was installed 
to process the seaweeds in Paraíba State (PB), a state more to the south of Ceará 
State (CE) but yet in the northeast region 
*(http://www.nutrialgas.com.br/index_arquivos/ProjetoAlgasMarinhas.htm, http://www. 
altaneirafm.com/2013/10/projeto-transforma-algas-marinhas-em.html and fisherman 
local communication, and audio file). Locally, a remarkable intensification of the 
exploitation in Flecheiras-CE and in Icapuí-CE in the 1980’s was observed as more 
families joined the activity *(http://www.ventura.org.br/noticias/page/830/ , Rocha 
2013). In Flecheiras-CE in the same decade it was estimated that between 12 to 17 
tons per month (Rocha 2013) of seaweed were extracted from the natural bed, while 
in Icapuí-CE exploitation was even more intensive with estimation up to 45 tons per 
week (de Paula et al. 2015). In the latter, villagers reported that in 1990’s seaweeds 
nearly disappeared along with lobsters (e.g. Panulirus argus,  Panulirus laevicauda), 
shrimps (e.g. Penaeus subtilis, Xiphopenaeus kroyeri) and fish (e.g. Lutjanus analis), 
significantly affecting the main source of income of the fishermen community 
*(http://www.ventura.org.br/noticias/page/830/, 
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http://www.pesca.sp.gov.br/noticia.php?id_ not=2093, Costa et al. 2011, Costa et al. 
2012). This disappearance of seaweeds followed by associated fauna suggests that 
anthropogenic pressure went beyond the resilience threshold of that particular phytal 
ecosystem.  
 
1.1.6.4. Remediation Measures and Sustainable Cultivation 
In 1998, remediation measures, such as seaweed cultivation, were taken in 
partnership with the Federal University of Ceará (UFCE) and in 2000 the 
Developmental Community Association of Flecheiras (ADCF) was created based on 
this partnership supported by the Terramar Institute (Algas Marinhas Project).  Due to 
the high extend of degradation of the seaweed beds in Icapuí (CE), the successfully 
cultivated seaweeds from Flecheiras (CE) were transported to Icapuí (CE), using the 
same seaweed cultivation method of Flecheiras (CE), and in 2002 another project 
started at the site using  Gracilaria, a red seaweed (Mulheres de Corpo e Alga Project). 
The cultivation was initially based on a method where the seedlings were attached to 
a long floating rope (25 m) or with a  combination of materials used to cultivate mussels 
(net-cylinder) (Fig. 6). An amount of 200-250 kg seaweed can be obtained after 45-60 
days. From those 200-250 kg only 15% remains as dry weight. During the period of 
destructive exploitation (mostly between 1970’s-80’s), the companies paid per kg from 
R$ 0,10 (about 0,03 euros at present) to R$ 1,00 (about 0,28 euros). Nowadays, it 
raised up to R$ 10 per kg (2,82 euros). 
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Figure 6. Illustration of the two methods used for seaweed cultivation on floating ropes 
at the Flecheiras beach, Ceará – Brazil. 
 
1.1.6.5. General Characteristics of the studied Area and Seaweeds 
The sampling sites of this study (Fig. 5) were grouped into two Brazilian geopolitical 
regions: the northeast (NE) and the southeast-south (SE-S).  The NE coast  includes 
the locations Flecheiras (CE), Pirambu (CE), Icapuí (CE), Muriú (RN) which are under 
the influence of the North Brazil Current, and Cupe (PE), and Ponta Verde (AL) which 
are under the influence of the Brazil Current. Those locations have similar 
climatological conditions such as the division of the year into two seasons, rainy and 
dry, and little temperature variation, with an average minimum air temperature of 22 ˚C 
during the rainy and average maximum of 32 ˚C during the dry season (Dantas 2004, 
Almeida 2010, Bastos et al. 2011, Barros et al. 2012, Diniz and Pereira 2015). 
Pluviosity increases towards the south, with rainy periods progressively shifting 
between January – June to March –September (Almeida and Barbirato 2004, Araujo 
2006, Bastos et al. 2011, Peres 2012, Moura et al. 2015). Water temperature and 
salinity also vary little over the year reaching minimum values during the rainy season 
(26 ˚C; 32°C respectively) and maximum values during the dry season (34 ˚C; 40°C 
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respectively) (Araujo 2006, Vieira Hazin et al. 2008, Araujo and Rodrigues 2011, 
Bastos et al. 2011, Veras 2011). The locations are generally sand beaches with mostly 
medium to very fine grain sizes, but percentages of gravel and bioclast can also be 
high (Cupe (PE)) (Table 1; Chaves 2012; Lima 2013; Marino et al. 2013; Santos et al. 
2014). The beaches in the NE of Brazil typically have sandstone reef formations along 
the coastline, (Leão 1994, Castro 2000). Those formations provide hard substrate and 
high habitat complexity for many taxa to reproduce and develop.  
The SE-S coast includes the locations São Sebastião (SP) and Ubatuba (SC), which 
are under the influence of the Brazil Current but also the colder South Atlantic Central 
Water mass, causing the upwelling phenomenon, increasing both nutrients in the water 
column and primary productivity (Coelho-Souza et al. 2012). Differently form the 
locations in the NE, the four seasons of the year are more defined in the SE-S. Average 
air temperature ranges from 16 ˚C in winter to 25 ˚C during the summer when 
pluviometric values are the highest, which is between December and February 
(Migotto et al. 1993, Zular 2011). Salinity is generally lower compared to the NE coast 
ranging from a minimum of 24 to a maximum of 36 (Migotto et al. 1993, Carvalho et al. 
1998). Water temperature can reach much lower values during the summer in the SE-
S (16 ˚C) compared with the same period (dry season) at the NE coast (26 ˚C) (Migotto 
et al. 1993; Carvalho et al. 1998). Grain size of the area of the sampling sites are 
similar to the ones in the NE ranging from medium silt to medium sand, and rock 
bottoms in the intertidal zone are also present ( Table 1; Barcellos & Furtado 1999; 
Horn Filho 2003). 
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1.1.6.6. Algal species used in Current Study 
In both regions hard substrates are available for the attachment and development of 
macrophytes, including three commonly occurring seaweeds representing the three 
main seaweed divisions, Phaeophyta (brown), Chlorophyta (green) and Rhodophyta 
(red), which were collected in the intertidal zone near water surface, for the current 
study: 
 
Sargassum Agardh (1820). Figure 7  
Brown seaweed. Habitat: Sargassum is a genus of marine macrophytes which is vastly 
species rich and is distributed worldwide in tropical and inter-tropical regions. Grows 
attached to hard substrates such as rocks in the intertidal zone, forming a submarine 
dense forest. Morphology: Can range from few centimetres in exposed and several 
meters in sheltered habitats. Overall thallus shape more or less linear or bushy. 
Perennial thallus subdivided into a discoid, conical or rhizoidal holdfast which do not 
penetrate the substratum, in some free-floating forms holdfast is absent; one to many 
main axis ramified into “brunches”  or more, cylindrical or flattened, which can 
differentiate to secondary axes with smooth or spiky surfaces. Branches can 
differentiate in a foliar structure. Shape of the leaves highly diversified with smooth, 
undulated, finely serrate or deeply dentate margins.  Laterals branchlets modify into 
air vesicules or aerocysts with spherical, pyriform or ovoid shape. These are globular 
or spherical, air filled structures. They help in floating of the seaweed by increasing 
buoyancy. Cell wall: Double with inner layer composed of cellulose, and outer layer 
with a gummy consistence composed mostly by align acid but is also present in the 
inner layer. Not calcified. Reproduction: diplontic without alternation of generation. 
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Asexual reproduction by fragmentation. In dioecious species, sexual dimorphism in the 
thallus may be observed. Sexual reproduction is oogamous 
(http://www.algaebase.org/search/genus/detail/?genus_id=L9c77b3161969c937 , 
Sharma 1986, Engelen et al. 2005, Mattio and Payri 2011).  
 
Figure 7. Sargassum polyceratium Montagne (1837). Courtesy Olga Camacho and 
Jimena Samper. 
 
Halimeda Lamouroux (1812) Figure 8 
Green seaweed. Habitat: Halimeda is widely distributed  in warm waters over the 
tropical region. Occurs from the intertidal zone to deeper reef slopes in muddy, sandy 
and hard substrate depending on the species. Morphology: Perennial thallus 
constructed of articulated sequences of flattened calcified segments, shape vary 
according to the species, alternating with non-calcareous joints (nodes). Growth form 
erect, pendant, or sprawling, from few centimeters to more than a meter; holdfast can 
be a single large bulbous, typically 1 cm to about 13 cm long which is used to anchor 
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to mud-sandy substrate; or a single small, discrete holdfast of matted filaments up to 
a cm long; or several diffuse and inconspicuous patches of rhizoids arising from 
segments or nodes; branching, cohesion and fusion of siphons of segments produces 
a complex microstructure consisting of 2 main regions, a multiaxial or an uniaxial core 
of medullary siphons surrounded by a cortex of 2-5, rarely 6 layers of utricles (modified 
branches). Cell wall: calcified,  deposition of aragonitic calcium carbonate begins after 
about 36 hours of segment development. Extent of calcification varies with age, 
species and environment. Reproduction: Asexual reproduction by fragmentation or 
by development of new thalli growing, either from segments or from filaments of the 
holdfast. In sexual reproduction biflagellated gametes. Gametes anisogamous (Hillis 
et al. 1998, Vroom et al. 2003, http://www. 
algaebase.org/search/genus/detail/?genus_id=he3ec1d1bb502b230). 
 
Figure 8. Halimeda opuntia (Linnaeus) Lamouroux (1816). Courtesy Denis-Ader. 
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Gracilaria Greville 1830 Figure 9 
Red seaweed. Habitat: Occur from temperate to tropical waters around the globe. 
Generally found in the intertidal zone, in pools on rocky substrate. Gracilaria is of high 
industrial importance due to their high agar content and is currently been cultivated in 
the locations of Flecheiras (CE) and Icapuí (CE). Morphology: Much branched 
perennial thalli, terete to flattened, branching subdichotomous to irregular. Some 
species form articulated fronds composed of cylindrical or irregularly shaped units. Can 
reach up to 60 cm in length; holdfast a disc or crust giving rise to one to many erect 
axes. Thalli red, olive, green to purple, cartilaginous or soft, smooth, fimbriate or 
dentate. Cell wall: three layers, decklamelle,  agar matrix outer layer and fibrillar inner 
layer. Not calcified. Reproduction: Triphasic isomorphic life history, females with 
obvious swellings (cystocarps) with thick pericarp, ostiolate, and the presence of 
traversing tubular nutritive cells. Spermatangia in pits or shallow depressions. 
Sporophytes with tetrasporangia scattered in the outer cortex, cruciately divided  
(Bellanger et al. 1990, Dawes et al. 2000, Hoyle 1978, Iyer et al. 2004, 
http://www.algaebase.org/search/genus/detail/ ?genus_id=Xa8251fbe185f6f28 , 
accessed in 08/11/2016). 
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Figure 9. Gracilaria Greville 1830. 
 
1.1.7. Nematodes: Diversity and Communities associated with Seaweeds and 
Sediments. 
1.1.7.1. Nematodes in Seaweed Beds 
Nematodes are one of the most abundant and ubiquitous animal phyla on earth 
especially in marine environments (Lambshead 2004) with ca. 27 000 described 
species (Hugot et al. 2001). They have been successfully used as bio-indicators both 
in terrestrial and aquatic ecosystems because of their high abundance, high functional 
diversity and limited dispersal ability (Bongers and Bongers 1998).  Nematodes are 
usually by far the dominant meiofaunal phylum in marine sediments reaching high 
densities (105–108 individuals/m2,  Heip et al. 1985), frequently in the top layer of the 
sediment (Moens et al, 2013) with a patched distribution (Hodda, 1999; Gallucci et al., 
2009). The nematode aggregated distribution and community composition is driven by 
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microtopographic irregularities (Moens et al. 2014) such as the heterogeneity of the 
sediment, caused by waves and currents, sediment of different particle sizes (abiotic 
factors), and bioturbation (biotic), which in turn, affect food source aggregation (Reise 
2002). Nematodes are important organisms involved in local ecological processes in 
the benthos. They play a role in carbon mineralization (Rysgaard et al. 2000) and 
bioturbation which increases the colonization surface for bacterial growth (Jensen, 
1996). Nematodes feed on those bacteria regulating their population growth, and they 
also pray on equal and serve as food source for higher trophic levels (Schmid-Araya 
et al. 2002). An important food source for infaunal organisms is the organic matter that 
sinks to the bottom, as for instance seaweed fragments, that decompose and this way 
enters the heterotrophic/detritivorous food web (Kulkarni et al. 2003, Begon et al. 
2006) . 
Different from marine sediments, nematodes are usually the second most abundant 
meiofaunal phylum associated with macroalgae after copepods (Jensen 1979, Coull et 
al. 1983, Coull and Wells 1983, Hicks 1985). Chromadoridae is frequently the dominant 
family in the phytal habitat, followed by Cyatholaimidae  and Monhysteridae (Jensen 
1984a, Zhinan 1997, De Oliveira et al. 2016) and about 149 genera have been 
recorded in this habitat in the literature (data calculated from Santos et al., in 
preparation).  
Epistrate feeders (nematodes feeding on epiphytic microalgae) are in general the most 
abundant feeding type as observed in Gracilaria foliifera, Ulva Lactuca (Coull et al. 
1983), Sargassum polyceratium, Halimeda opuntia (Da Rocha et al. 2006, De Oliveira 
et al. 2016), Colpomenia sinuosa (Zhinan 1997) and Laminaria hyperborean (Moore 
1971). When epistrate feeders are not the dominant feeding type, non-selective 
deposit feeders usually dominate as observed in Sargassum confusum (Kito 1982), 
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Enteromorpha prolifera (Zhinan 1997), and Macrocystis integrifolia, (Trotter and 
Webster 1983). Dominance of selective deposit feeders and predator/omnivores 
appear to be more rare (Coull et al. 1983, Da Rocha et al. 2006). Although phytal 
nematodes appear to be more dependent on the autotrophic food web (higher number 
of epistrate feeders), feeding type composition, might be affected by the amount of 
retained particles (detritus). Nematodes tend to reach high abundances in 
macrophytes which are heavily loaded with silt-clay (Coull et al. 1983). Those particles, 
increasing food input, habitat complexity (Gibbons 1988) and allow nematodes that are 
less fit for phytal habitat to colonize the seaweed. However, it has been demonstrated 
in the Baltic sea that the amount of silt content does not affect epiphytic nematode 
composition while salinity and food availability are the most important structuring 
factors (Jensen 1984a). Some nematode species can have as much microalgal uptake 
as 30 to 50 times their adult biomass along their development (Tietjen and Lee 1973, 
Jensen 1984b). Consequently, nematodes may contribute to controlling the densities 
of epiphytes, such as diatoms which compete for light and nutrients (Van Donk 1998, 
Ghobrial et al. 2007). However, whether nematodes can influence the development of 
the seaweed by removing competing diatoms is currently unknown. Furthermore, 
some studies have demonstrated that nematodes are also a food source for higher 
trophic levels, such as fish and especially for crustacean larvae (Brüggemann 2012). 
Hence, as seaweed beds are natural reproduction sites for many marine organisms, 
nematodes may serve as food source for organisms during the early stages of their life 
cycle. 
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1.1.7.2. Phytal Nematodes Dispersal and Colonization Dynamics 
Recent genetic studies have indicated that dispersal of macroalgal associated 
nematode species is restricted to a scale of approximately 100 km (Derycke et al. 2005, 
Derycke et al. 2007a, Derycke et al. 2010a), but this may well be caused by substantial 
colonization dynamics of the ephemeral substrate (decomposing seaweed - Derycke 
et al. 2007b). Extreme colonizer nematodes with high reproduction rates such as 
Litoditis marina (Derycke et al. 2007c) are expected to colonize more effectively distant 
sites using seaweed drift compared to persisters such as Thoracostoma trachygaster 
(Derycke et al. 2010a), because the latter exhibit lower reproduction rates than the 
extreme colonizers. However, it has been demonstrated that nematodes that are 
considered to have distinct life histories appear to have similar levels of population 
genetic structure (Derycke et al. 2013). Only few studies have investigated nematodes 
associated with seaweeds along the Brazilian coast (Derycke et al. 2006, Venekey et 
al. 2008), and so far no population genetic studies using meiofaunal organisms in this 
ecosystem have been conducted. Considering the high diversity and abundances of 
nematodes in the sediment, and the accumulations of sediment on seaweeds 
increasing their microhabitat complexity, it is generally expected that nematodes can 
colonize the macroalgae (Gibbons 1988). Provided that such colonization behaviour is 
prevalent, nematodes from adjacent sediment could recolonize algal substrate 
following seaweed bed degradation and serve as source of biodiversity to and 
restoration of the nematode phytal community.   
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1.1.8. Nematode Integrative Taxonomy 
However because of the “taxonomy crisis” (Dayrat 2005) few young researchers are 
engaged in the time consuming and taxonomic complexity of morphologically based 
taxonomy especially after the introduction of the much faster molecular tools providing 
more objective features to determine diversity. For example, in 2012 and 2013 only 25 
and 26 new free-living marine nematode species have been described (Decraemer 
and Backeljau 2015). Currently, both approaches have their weaknesses, and the 
combination of different types of data  (morphological, morphometric and molecular) 
are considered important for species delimitation (Derycke et al. 2010a, Apolônio Silva 
De Oliveira et al. 2012, Decraemer and Backeljau 2015). This method is known as 
Integrative Taxonomy, which is based on multiple complementary perspectives to 
stablish species boundaries and is particularly suited for nematode communities 
(Fonseca et al. 2008, Apolônio Silva De Oliveira et al. 2012).  
Because of the small size of free-living marine nematodes, the whole individual is 
usually necessary to obtain enough DNA for molecular analysis. Recent developments 
in vouchering (e.g. morphological digital video or photo vouchering) now allows the 
documentation of a specimen’s morphology prior to the destruction for DNA extraction 
(De Ley et al. 2005, Derycke et al. 2010a, Astrin et al. 2013). The use of molecular 
data, such as the small subunit 18S rRNA, to estimate biological diversity prior the 
morphological identification is called reverse taxonomy (Markmann and Tautz 2005) 
and has significantly increased the availability of molecular data in the last decade.  
Furthermore, the combination of multiple independently evolving genes such as 
Internal transcribed spacer (ITS) and mitochondrial cytochrome oxidase c subunit I 
(COI) have been used to look for congruence in the data set to stablish species 
boundaries (Apolônio Silva De Oliveira et al. 2012) because well-diverged species 
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lineages are expected to show genealogical congruence in neutral unlinked loci (Avise 
and Ball 1990, Rising and Avise 1993, Leliaert et al. 2014). This kind of approach often 
reveals cryptic diversity showing that biological diversity is significantly 
underestimated, especially in groups for which researchers require specialist 
morphological taxonomical skills, such as for nematodes. The (COI) has been used for 
barcoding, delineating cryptic species, population genetics and phylogeographic 
studies in marine nematodes (Derycke et al. 2008a, Derycke et al. 2008b, Fonseca et 
al. 2008). It is therefore the ideal starting point to address nematode diversity 
associated with macroalgae, both at the morphological and genetic level. 
 
1.2. General aims  
Considering the importance of seaweed bed ecosystems in shallow water areas, the 
limited knowledge on the coastline of Brazil (>7000 km) and the abundance of 
nematodes present in those environments, our general aims were:  
(1) to reveal nematode biodiversity and species-specific relationships between 
nematodes, algal and sediment substrate, and to determine  environmental processes 
which could  be shaping nematode communities associated with seaweeds. To this 
end, comparisons between nematode communities from different seaweed species, 
spatial-temporal variation and the effect of sediment accumulation on nematodes in 
one beach at the NE coast of Brazil were assessed. We expected (i) nematode species 
preferences for a specific algal substrate according to differences in seaweed 
morphology; (ii) little seasonal variation in the nematode community because of very 
limited temperature variation throughout the year in the studied beach (local scale) and 
43 
 
(iii) to find higher nematode diversity and abundances on seaweeds which accumulate 
more sediment.  
(2) By expanding our sampling area for seaweed and sediment over more than 3000 
km coastline, we aimed to test whether there were differences between the two 
substrates over a latitudinal gradient to understand if nematodes from the surrounding 
sediment could serve as a source to recolonize impoverished seaweed beds after 
exploitation and restore their nematofauna. We expected i) to find differences in 
nematode communities between the substrates (seaweed and sediment) and between 
beaches along the latitudinal gradient, and; ii) higher similarity among seaweed 
communities compared with the sediment across the latitudinal gradient. It has been 
demonstrated that nematodes present on seaweeds are able to disperse via seaweed 
drift for at least 100 km while nematodes in the sediment can be suspended in the 
water column and dragged by the currents but are unlikely to remain suspended more 
than 2 hours, which would limit their dispersal capacity. 
(3) By studying the genetic structure and diversity of nematode populations associated 
with seaweeds at different beaches, we aimed to (i) test whether the two dominant sea 
currents at the NE Brazilian coast function as biogeographical barriers to dispersal. By 
sampling locations with and without historical seaweed exploitation, we aimed to (ii) 
assess whether this anthropogenic activity is reflected in nematode genetic diversity. 
Additionally, we aimed to (iii) describe the biodiversity in an integrative way by 
comparing  phenotypes and genotypes. We expected to find strong genetic structures 
between populations distributed over more than 1000 km coast line in view of the large 
distance and marine currents which could represent biogeographical barriers. As a 
result of historical seaweed exploitation, we expected to find lower genetic diversity in 
historically exploited areas because a seaweed-exploitation bottleneck effect may 
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have caused shifts in haplotype frequencies. We also expected to find nematode 
species with conserved morphology but with distinct genetic differences because 
cryptic speciation is substantial in marine nematodes.  
 
1.3. Thesis Outline 
In Chapter 1, we provided a general introduction, the background about importance 
and biodiversity of seaweed beds, the historical exploitation and general impacts on 
the ecosystem. We detail the particular case of Brazilian historical seaweed harvesting 
which were the motivation of the current work and provide the thesis outline.   
In Chapter 2, we studied the nematodes associated with the seaweeds Halimeda 
opuntia and Sargassum polyceratium, which were abundant and present throughout 
the year, during 5 months covering the dry and rainy seasons, over two transects 
parallel to the beach line. Those transects differed in their distance to the shore and in 
the degree of exposure to wave action. We evaluated if there were variations in 
nematode communities between the two algal substrates, also over time and if there 
were lower nematode richness and density in the wave impacted zone as a result of 
great physical disturbance. Moreover, we investigated the effect of sediment 
accumulation increase on nematode abundances, and whether epistrate feeders were 
dominant in both seaweeds, because diatoms and cyanobacteria may be the main 
food source on the seaweed surface. This information is important to understand local 
factors that may structure the nematode community.  
In Chapter 3, we expanded our sampling area to look for geographical 
resemblance/difference of eight beaches along the Brazilian coast, distributed over two 
distinct main marine currents, providing us information on the diversity and patchiness 
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of the nematode communities present on algal and interstitial substrates. Moreover, 
we compare the nematodes from seaweed and sediment to infer whether they are 
composed by typical communities and reveal species specific preferences to one 
substrate over the other. This would provide us insight on possible latitudinal patterns 
for both substrates and whether nematodes from sediment can fully colonize and 
restore the biodiversity of phytal habitat in face of degradation. 
Chapter 4 investigates the genetic structure of populations of the new species 
Paracanthonchus gynodiporata present in four beaches distributed over more than 
1000 km along the northeastern coast of Brazil. This nematode was exclusively found 
associated with seaweeds, and thus making it suitable to study the dispersal capacity 
of nematodes associated with seaweeds. Because the beaches were under the 
influence of two opposite main marine currents, we tested whether those currents could 
have caused genetic breaks between those populations, by means of differences in 
haplotype frequencies. To investigate if possible haplotypes  differences could be 
caused by a factor other than biogeographical barriers, the historical background was 
considered. Two beaches were in areas where historical seaweed harvesting took 
place while the other two did not. We searched for differences in genetic diversity 
between the two groups as a consequence of a genetic bottleneck. As the studied 
species is new to science, we have described the species in an integrative way, 
combining morphology and DNA data. In addition, we reconstructed for the first time a 
detailed 3D model of the head region for the genus Paracanthonchus and discussed 
the pitfalls of previous descriptions e.g. of the buccal armature. Finally, in view of the 
fact that cryptic speciation is common in marine nematodes, we confronted 
morphometric and molecular data to find whether phenotypic variation was reflected 
by the genotypes.  
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In Chapter 5, the General Discussion summarizes the main findings of the research 
and discusses general paradigms concerning the effect of the amount of sediment 
retained by the seaweed on the associated nematode community, the nematode 
diversity found on seaweeds and their level of distinctiveness from the community 
found in the sediment. We also call attention to the level of dispersal capacity and 
connectivity of marine nematodes associated with seaweed which could possibly affect 
the  resilience of epiphytic communities to stressors. Furthermore, we discuss the 
relevance of studying seaweed beds as they are a productive ecosystem that is directly 
affected by human activities and the need to enrich our knowledge. We highlight the 
importance of carefully considering this ecosystem when conservation policies are 
formulated to preserve coastal areas. 
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Table 1. Sampling locations and corresponding environmental data. Abbreviations: Temp Air (air temperature); Temp Water (water 
temperature); High. Pluv. Period (Period of highest pluviometric values);  High. Pluv. Month (month with peak pluviometric values); 
NE (Northeastern coast); SE-S (Southeastern-South Coast); P. Verde (Ponta Verde); S. Sebastião (São Sebastião). * indicates that 
data was not found.  
Region Location 
Temp. Air 
(Mean) 
Temp. 
Water 
(min-max) High. Prec. Period 
High. Prec. Month 
(mm - max; yearly 
mean) 
Salinity 
(min - 
max) Grain size range (dominant fraction) 
NE 
Flecheiras (CE) 26 - 28 27 - 32 Jan - June April - 272;         1238 33 -37 Medium (medium sand)  
Pirambu (CE) 26 - 30 28 Jan - June April - 384;         1500 35 - 36 Fine to course sand (course sand) 
Icapuí (CE) 20 - 32 27 - 28 Jan - Maio June - * ;               949  33 - 35 Very fine to fine sand (fine sand) 
Muriú (RN) 25 - 27 33 -34 April - Junho June - 260;         1562 33 - 40 Fine to medium sand (fine sand) 
Cupe (PE) 24 - 32 26 - 29 March - August June - 415;         2050 32 - 38 Very fine sand to gravel (very course sand) 
P. Verde (AL) 22 - 29 26 - 29 March - September  June - 300;         2059 35 - 38 Medium to coarse  sand (medium sand) 
SE-S 
 
S. Sebastião 
(SP)  20 - 25 16 - 31 December  - January January - 366;   1500 29 - 36 medium silt to medium sand (*)    
Ubatuba (SC) 16 - 20 17 - 26 January - Februry February - 275; 1800 24 - 35  fine to medium sand (*)  
 
  
  
 
 
 
 
Chapter 2: Spatiotemporal variation and sediment 
retention effects on nematode communities associated 
with Halimeda opuntia (Linnaeus) Lamouroux (1816) 
and Sargassum polyceratium Montagne (1837) 
seaweeds in a tropical phytal ecosystem    
 
 
 
Modified from: De Oliveira DAS, Derycke S, Da Rocha CMC, Barbosa DF, Decraemer 
W, Dos Santos GAP. 2016. Spatiotemporal variation and sediment retention effects on 
nematode communities associated with Halimeda opuntia (Linnaeus) Lamouroux 
(1816) and Sargassum polyceratium Montagne (1837) seaweeds in a tropical phytal 
ecosystem. Marine Biology 163:102 
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Abstract 
 Knowledge on meiofauna associated with seaweed bed ecosystems, such as 
nematodes, is limited. Nematodes associated with Sargassum polyceratium and 
Halimeda opuntia were compared in two transects, 80 m apart and parallel to the beach 
line in Cupe Beach, Brazil. The temporal variation during the dry and rainy seasons 
and the effect of sediment retention by the seaweed on nematode density and 
composition were investigated. The differences in nematode assemblages between 
the two seasons were mainly caused by the increase in density of the most abundant 
genera in the rainy season. No significant difference was observed between the 
nematode assemblages of the two transects for H. opuntia. Moreover, the nematode 
assemblages of both seaweed species did not differ significantly in the same transect 
over time. The genus Euchromadora was dominant in both seaweed species. The 
amount of sediment retained by the seaweeds did not affect the overall nematode 
density. However, retained sediment was positively correlated with the density of 
Draconema and Euchromadora in both seaweeds, and both genera were exclusively 
found associated with seaweeds. This result opposes the idea that the more sediment 
retained by the seaweed, the higher the nematode overall density.  
Key words: Cupe; Free-living; ecology; assemblage structure; Brazil.  
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2.1 Introduction  
Seaweed beds and associated fauna form a highly productive ecosystem in shallow 
water coastal areas  (Coull et al. 1983). Seaweeds harbor a variety of organisms 
belonging to almost all trophic levels of the food web, and also serve as a shelter, 
reproduction and/or grazing site for many organisms (Brewer et al. 1995, Kenyon et al. 
1999, Nagelkerken et al. 2000, Ferreira et al. 2001, Da Rocha et al. 2006). They 
provide oxygen and are involved in many mineralization and chemical cycling 
processes (Vidotti and Rollemberg 2004).  
Seaweed beds in tropical areas are frequently associated with geological formations 
such as sandstone or biological reefs, which provide protection by dissipating the wave 
energy (Ferreira Júnior 2005). The local hydrodynamics can strongly affect the 
macrophytal and epiphytal biomass, abundance and density, which in turn affect the 
distribution and activity of organisms that are grazing on the seaweeds (Schanz et al. 
2002). Seaweed beds provide protection from currents and desiccation and can 
influence the spatial distribution of the associated organisms (Muralikrishnamurty 
1983). Moreover, seaweed beds also play a role in decreasing the current velocity and 
increasing the sedimentation rate of sediment and other particles present in the water 
column (Fonseca and Cahalan 1992). It has been suggested that the accumulation of 
detritus by the seaweed correlates with the branching and structure of the macrophytes 
and increases microhabitat complexity, which would allow a higher density of small 
sized metazoans (Taylor 1967, Hicks 1980, Da Rocha et al. 2006). Seaweed beds are 
under the influence of tides and seasonality which also affect the associated organisms 
(Toyohara et al. 1999). However, for some small sized organisms examples are known 
where seasonality does not appear to be an important population driver, especially for 
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those species which reproduce throughout the year (Coull and Vernberg 1975, Song 
et al. 2010). 
Small sized metazoans such as nematodes have a high capacity of colonizing 
seaweeds (Warwick 1977, Derycke et al. 2007c) and play a fundamental role in the 
maintenance of the benthic ecosystem (Riera and Hubas 2003). They are involved in 
processes such as biomineralization, bacterial population regulation, serve as food 
source for higher trophic levels and prey on the same and on lower trophic levels 
(Rysgaard et al. 2000, Schmid-Araya et al. 2002). With respect to seaweed 
nematofauna, differences in macroalgae morphology can cause differentiation 
between assemblages from different seaweed species (Warwick 1977, Gibbons 1991, 
Gee and Warwick 1994a, Gee and Warwick 1994b). Epistrate feeders are the most 
abundant nematode feeding type on seaweeds (Da Rocha et al. 2006) which may be 
related to the abundances of epiflora, and more specifically,  of diatoms (Hagerman 
1966, Tietjen and Lee 1973, Warwick 1977, Wetzel et al. 2002). Hence, nematodes 
may play an important role in controlling the densities of epiphytic organisms (e.g. 
diatom and cyanobacteria) that compete for light and nutrients with the macroalgae 
(Van Donk 1998, Ghobrial et al. 2007). Epiphytic nematodes also respond to seasonal 
variation (Jensen 1984). However, information on temporal and spatial variation of 
nematode assemblages associated with seaweeds is extremely limited. Such a  
knowledge would provide insights on the dynamics of small size organisms associated 
with macrophytal ecosystems, allowing for a better understanding of physical factors 
that are important for structuring the assemblages. 
In this study, the nematode assemblages associated with a seaweed bed from the 
northeastern coast of Brazil were investigated. This area is characterized by a dry and 
rainy season with average temperatures of 32˚C and  24 ˚C, respectively (Chaves 
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1991). The seaweed species Halimeda opuntia (Linnaeus) Lamouroux (1816) and 
Sargassum polyceratium Montagne (1837) are abundantly present throughout the 
year. H. opuntia is a green calcareous seaweed sprawling along multiple axes, and 
forming mats over hard substrate. S. polyceratium is a brown seaweed with a more 
linear thallus and one main axis from where secondary branching  originates, and can 
stand up perpendicularly to the rocky substrate (Fig. 1). S. polyceratium was distributed 
closer to the beach line compared to H. opuntia. The latter was also present near the 
reef barrier, which is directly exposed to wave action. Macrophytes decrease currents 
and increase sedimentation rate (Romano et al. 2003).  
 
Figure 1. (a) Sargassum polyceratium and b Halimeda opuntia modified after Olga 
Camacho and Jimena Samper Villareal, (b) courtesy Denis-Ader). 
 
The specific goals of this study were fourfold. First, the diversity, assemblage and 
feeding type structure of nematodes associated with H. opuntia and S. polyceratium 
were characterized and compared. Due to the different architectural structure of the 
two seaweed species it was expected to find seaweed species specific assemblages. 
Moreover, because of growth of diatoms and cyanobacteria on the seaweed surface 
(Stevenson and Stoermer 1982, Egan et al. 2000) a dominance of epistrate feeders 
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was expected to be found in the nematode assemblages of both seaweeds. Second, 
the temporal variability in nematode assemblages of H. opuntia and S. polyceratium 
was investigated by comparing the dry and rainy seasons and by comparing nematode 
assemblages over five months. Temporal fluctuations in abiotic parameters (e.g. the 
amount of rain, salinity, …) in Cupe beach may influence nematode abundances 
associated with  H. opuntia and S. polyceratium and may cause shifts in the nematode 
assemblage. Third, spatial variation of nematode assemblages associated with H. 
opuntia in two transects parallel to the coast was investigated. These transects differed 
in their distance from the shore and in the degree of exposure to wave action. A higher 
variability in the nematode assemblages over time and lower nematode diversity and 
density were expected in the directly wave impacted zone because of the higher 
physical disturbance. Finally, the influence of sediment retention by the seaweeds H. 
opuntia and S. polyceratium on the nematode assemblages was assessed. The 
different architecture of H. opuntia and S. polyceratium may cause different sediment 
retention capacity resulting in a higher density and richness of nematodes in the 
seaweed with the highest sediment retention capacity because of an increase in 
habitat complexity and availability.  
 
2.2. Material and Methods 
2.2.1. Study area 
Cupe beach was chosen to test the impact of spatial and temporal variation and 
seaweed species on nematode assemblages. The beach is located in the northeast of 
the Brazilian coastline (coordinates 8º 45’ 48” - 8º 46’ 22” S and 34º 98’ 85” - 34º 97’ 
99” W) and belongs to Ipojuca city, Pernambuco State. The beach is characterized by 
     56 
 
arenite and stone reefs with natural swimming pools separating the beach from the 
open sea. Various seaweed species occur on the sandstone and its surrounding areas 
in the subtidal and intertidal zone. The water temperature ranges from 27.0 to 28.7 °C 
and the salinity varies between 28.88  and 37.16 according to the season. The 
sediment is composed mainly of quartz sand and is very rich in bioclast such as 
gastropods shells and pieces of calcareous algae (Dominguez et al. 1992). 
 
2.2.2. Sample collection and processing 
Based on their high abundance throughout the year, two species of seaweed were 
selected: Sargassum polyceratium and Halimeda opuntia. S. polyceratium and H. 
opuntia have architectural differences. The first one is a brown seaweed which can 
stand up perpendicularly to the substrate, whereas H. opuntia is a green calcareous 
seaweed that tends to make mats over hard substrate. The sampling occurred during 
the dry season (December 2005, January 2006) and the rainy season (May, June, July 
2006) at low tide in the subtidal zone. Two transects of about 160 m length and parallel 
to the beach were demarcated with a distance between each other of about 80 m. 
Transect 1 (T1) was further from the shore compared to transect 2 (T2) (Fig. 2). For all 
five time points and for each transect, three equidistant sampling points were chosen, 
and from each point three samples from each seaweed species were collected (Fig.2). 
The coordinates of each of the  three sampling points  are 8º 45’ 78” S and 34º 98’19” 
W, 8º 45’ 86” S and 34º 98’ 23” W, 8º 45’ 94” S and 34º 98’ 29” W for T1 and 8º 45’ 73” 
S and 34º 98’ 30” W, 8º 45’ 81” S and  34º 98’ 34” W,  8º 45’ 87” and  34º 98’ 39” for 
T2.  
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Figure 2. Location of transects in Cupe beach – Ipojuca – Pernambuco at the northeast 
of the Brazilian coast. T1 represents transect 1 which is more exposed to the waves, 
and T2 represents transect 2 which is closer to the beach and thus less exposed to the 
waves (modified from Da Rocha et al. 2006). 
 
S. polyceratium only occurred in T2, while H. opuntia occurred in both transects. The 
seaweeds were collected by using a knife to detach the holdfast from the substrate. 
The whole seaweed was covered with a plastic bag before removal to prevent 
sediment loss, and fixed with 4% formalin. The seaweeds were washed under 
continuous water flow over a set of two sieves with mesh intervals for meiofauna of 
500 and 44 micrometers (Elmgren 1973) and  specimens retained on the latter were 
investigated. The volume of the seaweed was measured according to the methodology 
of Montouchet (1979) by measuring the difference between the initial and final water 
volume after the inclusion of seaweed in a graduated cylinder. To test the sediment 
retention capacity of S. polyceratium and H. opuntia, the sediment that was retained 
by the sieves for each seaweed sample was put in Petri dishes, dried in an oven and 
weighed (g). The nematodes were counted under a dissection microscope Olympus 
SZ51. When present, at least 100 nematodes were randomly and manually picked out 
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and mounted on slides for identification. In case less than 100 specimens were present 
in the sample, all were mounted on slides. Preparation and mounting of the nematode 
specimens occurred according to De Grisse (1969). The nematodes were identified 
under the light microscope Olympus CX31 to genus level by using the pictorial 
identification keys (Platt et al. 1985, Warwick et al. 1998) and dichotomous keys in 
Abebe et al. (2006). Due to time constrains, for the month of July, nematode 
assemblage of only five samples (three and two – H. opuntia and S. polyceratium 
respectively) were determined. Additionally, the nematode assemblage was classified 
according to the feeding types proposed by Wieser (1953)  assigning four feeding 
guilds on the basis of their buccal cavity morphology: 1A – selective deposit feeders 
(narrow unarmed stoma, feed on bacteria and similarly sized particles), 1B – non-
selective deposit feeders (wide(r) unarmed stoma, potentially feed on a broader range 
of particles, including microalgae and bacteria (Moens and Vincx 1997)), 2A – epistrate 
feeders (armed stoma with teeth and/or denticles, feed on microalgae and bacteria), 
and 2B – predators or omnivores (large armed stoma with teeth and/or mandibles, feed 
on other metazoans, but also on protists and perhaps even on bacteria) (Moens et al. 
2004, Moens et al. 2014)   
 
2.2.3. Data analyses 
The genus richness, densities and relative abundance of the nematode assemblage 
per seaweed sample were calculated. To compare the temporal (dry and rainy period, 
both seaweeds) and  spatial variation (H. opuntia only) of the nematode assemblage 
associated with S. polyceratium and H. opuntia, the abundance of the nematode 
genera was converted to density (individuals/ml of seaweed), transformed to square 
roots and standardized by the total number of nematodes in the sample (relative 
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abundance) before the similarity analysis. All multivariate, Principal Coordinate (PCO), 
Permutation Dispersion (PERMDISP), Permutational Multivariate Analysis of Variance 
(PERMANOVA) and Similarity Percentages (SIMPER) analyses were performed 
based on Bray-Curtis similarity matrix using the software PRIMER v. 6.1.6 (Clarke and 
Gorley 2006). The fixed factors used in PERMANOVA were: seaweed species, 
season, and transect (H. opuntia only). The factors month (nested in season) and 
sampling point were treated as random variable when comparing transects. 
PERMANOVA was used to compare the nematode assemblage between 1) H. opuntia 
and S. polyceratium occurring in the same transect over time (PERMANOVA: 
seaweed, season, month [season]), 2) to compare the nematode assemblage in 
transects 1 and 2 over time for H. opuntia (PERMANOVA transect, season, month 
[season]). When significant differences were found, a SIMPER analyses was 
performed to determine the taxa that contributed to those differences.  
The amount of sediment retained by the seaweeds was standardized to g/ml. The 
standardized amount of sediment retained by the seaweed, nematode densities and 
nematode richness were fourth root transformed to fulfill the assumptions for a 
parametric test (Kolmogorov-Smirnov normality test, Levene’s homogeneity test, XY 
mean and standard variation plot). Analysis of Variance analysis (ANOVA) was 
performed to test whether there were: 1) differences in nematode density and richness 
over time between the seaweeds in T2 (seaweed,  month[season]), 2) differences in 
nematode density and richness over time between transects for H. opuntia (transect, 
month[season]) , 3) differences in sediment retention by H. opuntia over time between 
transects (transect, month[season]), and 4) differences in sediment retention between 
the seaweeds over time in T2 (seaweed, month[season]). To test whether the amount 
of retained sediment correlated with the nematode density on the seaweeds, a 
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Spearman’s correlation was done. The ANOVA and correlation analyses were 
performed using the statistical software STATISTICA v. 7 (Statsoft 2004). 
 
2.3. Results  
2.3.1. Nematode assemblages and feeding type structure of H. opuntia and S. 
polyceratium 
In total, 96 samples were analyzed: 35 for S. polyceratium (T2), and 61 for H. opuntia 
(T1 and T2). Identification of the nematode assemblages in these samples yielded 59 
genera that were associated with both seaweeds (Table 1), from which 36 genera were 
found on S. polyceratium (T2: mean 6.74± 0.48) and 55 genera were associated with 
H. opuntia  (T1: total= 49, mean 9.19± 0.61; T2: total= 41, mean 9.25 ± 0.75). The most 
abundant genera were Euchromadora, Paracanthonchus and Halalaimus for H. 
opuntia (35%; 10%; 8% respectively), and Euchromadora, Paracanthonchus and 
Hypodontolaimus for S. polyceratium (34%; 14%; 9% respectively). Acanthonchus and 
Chromadora reached two to threefold higher abundances in June compared to the 
other months, but only for H. opuntia. 
Table 1: List of nematode generic relative abundance and feeding type associated with 
H. opuntia and S. polyceratium in Cupe Beach (Brazil) in 2005-2006. Feeding types: 
1A Selective deposit feeders; 1B non-selective deposit feeders; 2A epistrate feeders; 
2B predators or omnivores (Wieser 1953). 
Genus H. opuntia T1 H. opuntia T2 S. polyceratium T2 Feeding type 
 Aver. Std. Error Aver. Std. Error Aver. Std. Error  
Acantholaimus - - - - 0.04 0.04 2A 
Acanthonchus 12.50 ±2.08 4.09 ±1.33 8.85 ±2.53 2A 
Acanthopharyngoides 0.03 ±0.03 - - - - 2A 
Adoncholaimus 1.27 ±0.49 0.23 ±0.17 1.05 ±0.35 2B 
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Camacolaimus - - 0.32 ±0.25 - - 2A 
Chromadora 16.52 ±2.78 3.42 ±0.95 5.51 ±1.15 2A 
Chromadorina 0.23 ±0.17 0.26 ±0.26 0.09 ±0.09 2A 
Chromadorita 0.31 ±0.14 0.43 ±0.24 0.07 ±0.07 2A 
Chromaspirina 0.12 ±0.12 - - 0.52 ±0.52 2B 
Crenopharynx - - 0.37 ±0.37 0.59 ±0.59 1A 
Cyatholaimus 2.65 ±1.13 1.51 ±0.57 1.75 ±0.79 2A 
Demonema - - 0.17 ±0.17 - - 2B 
Desmodora 0.88 ±0.57 - - - - 2A 
Desmolaimus 0.15 ±0.15 - - - - 1B 
Desmolorenzenia 0.41 ±0.37 - - - - 1A 
Desmoscolex 0.35 ±0.17 1.41 ±0.96 - - 1A 
Draconema 16.23 ±2.85 5.02 ±1.21 0.17 ±0.12 1A 
Enoplus 0.23 ±0.23 0.09 ±0.09 - - 2B 
Epsilonema 0.61 ±0.28 1.67 ±0.97 - - 1A 
Euchromadora 16.35 ±2.09 35.09 ±3.13 34.33 ±3.07 2A 
Eurystomina 6.34 ±1.27 2.08 ±0.58 7.44 ±1.70 2B 
Gammanema 0.07 ±0.07 0.16 ±0.16 - - 2B 
Gammarinema - - - - 0.09 ±0.09 2A 
Graphonema 0.04 ±0.04 - - 0.33 ±0.20 2A 
Halalaimus 5.63 ±1.26 7.64 ±1.36 0.98 ±0.40 1A 
Halichoanolaimus 0.55 ±0.20 0.97 ±0.54 1.04 ±0.64 2B 
Hypodontolaimus 0.20 ±0.16 0.28 ±0.17 14.49 ±3.76 2A 
Marylynnia - - 1.65 ±1.01 0.10 ±0.10 2B 
Metachromadora 0.12 ±0.12 - - 0.10 ±0.10 2A 
Metepsilonema 0.18 ±0.13 0.25 ±0.19 - - 1A 
Meyersia 0.05 ±0.05 0.10 ±0.10 0.35 ±0.20 2B 
Micoletzkyia 0.04 ±0.04 - - - - 1A 
Oncholaimus 0.45 ±0.33 - - 0.29 ±0.15 2B 
Oxystomina 0.03 ±0.03 - - - - 1A 
Paracanthonchus 5.56 ±1.34 9.55 ±2.39 9.19 ±2.24 2A 
Paracyatholaimoides 0.04 ±0.04 - - - - 2A 
Paracyatholaimus 0.15 ±0.11 0.44 ±0.33 0.09 ±0.09 2A 
Pareurystomina - - - - 0.04 ±0.04 2B 
Phanoderma 0.26 ±0.18 1.84 ±1.19 0.06 ±0.06 2A 
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Polygastrophora 1.02 ±0.64 7.17 ±3.70 2.75 ±0.88 2A 
Praeacanthonchus 0.11 ±0.08 - - 0.67 ±0.53 2A 
Prochromadorella - - 0.05 ±0.05 - - 2A 
Prooncholaimus 1.13 ±0.38 3.39 ±1.13 1.55 ±0.64 2B 
Pseudochromadora 0.80 ±0.43 1.44 ±0.56 - - 2A 
Quadricoma - - - - 0.36 ±0.36 1A 
Sabatieria 1.68 ±1.03 0.28 ±0.15 0.03 ±0.03 1B 
Setoplectus 0.17 ±0.17 - - - - 1B 
Sigmophoranema 0.17 ±0.13 - - - - 2A 
Spiliphera 0.08 ±0.08 0.18 ±0.12 - - 2A 
Spilophorella 1.06 ±0.36 1.21 ±0.93 0.08 ±0.08 2A 
Spirinia 0.79 ±0.48 0.46 ±0.22 0.10 ±0.10 2A 
Symplocostoma 0.42 ±0.18 2.94 ±1.14 4.44 ±1.02 2B 
Synonchiella 0.12 ±0.12 0.63 ±0.45 - - 2B 
Synonema 0.95 ±0.86 0.05 ±0.05 0.06 ±0.06 2A 
Thalassomonhystera 0.38 ±0.26 0.41 ±0.26 - - 1B 
Thoracostoma - - 0.12 ±0.12 0.10 ±0.10 2A 
Tricoma 0.27 ±0.13 1.00 ±0.51 - - 1A 
Viscosia 2.05 ±0.61 1.48 ±0.60 2.33 ±1.69 2B 
Wieseria 0.25 ±0.25 - - - - 1A 
 
 
The most frequent feeding type with more than 50% of the relative abundance in both 
seaweeds was epistrate feeders (2A) (53% and 56%), followed by predators (2B) (20% 
and 28%), selective deposit feeders (1A)  (20% and 14%) and non-selective deposit 
feeders  (1B) (7 and 3%) in H. opuntia and S. polyceratium, respectively. 
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2.3.2. Temporal variation of nematode assemblages associated with H. opuntia 
and S. polyceratium 
2.3.2.1. Nematode assemblage structure between seaweeds over time 
The PERMDISP analysis showed no significant values for all the factors (seaweed, P 
= 0.843; season, P = 0.415; month, P = 0.255) indicating that significant PERMANOVA 
values are not due to dispersion of variances. Concerning nematode assemblage 
structure, no significant interaction between seaweed and months[season] 
(PERMANOVA, seaweed x months[season] Pseudo-F= 1.54, P = 0.071) were 
observed, indicating that variation in nematode assemblage structure between 
seaweed species over time was similar.  
However, the factors individually (main effect seaweed and month[season]), showed 
significant differences. The overall significant difference between seaweeds 
(PERMANOVA, Pseudo-F= 4.73, P < 0.001), was mainly caused by the higher 
abundance of Hypodontolaimus in Sargassum (SIMPER: 8.95% contribution). 
Similarly, the genus that contributed the most to the differences between seasons 
(month[season] PERMANOVA, Pseudo-F= 2.62, P< 0.001) was Hypodontolaimus 
reaching higher abundances during the dry season (SIMPER, 9.57% contribution). In 
contrast, the most abundant genera Euchromadora and Paracanthonchus reached 
higher abundances during the rainy season (SIMPER, 9.50% and 7.63% contribution 
respectively). Although significant differences for the both factors were found, no clear 
pattern was observed in the PCO plot (Fig. 3).  
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Figure 3. Principal Coordinate analisys (PCO) comparing the nematode assemblage 
structure between H. opuntia  and S. polyceratium during the dry and rainy season in 
Cupe Beach (Brazil) in 2005-2006. The first two axes explained 30.3% of the 
variation.Red and blue colors represent the dry and rainy season respectively. 
 
2.3.2.2. Nematode density and richness between seaweeds over time 
A significant interaction between the factors seaweeds and month[season] was 
observed, indicating that differences between seaweeds were not consistent between 
season, with H. opuntia having higher nematode densities in the rainy season 
compared to S. polyceratium. (ANOVA, month[season] x seaweed, F = 3.23, P = 0.029; 
Table 2 and Fig. 4a),  
No significant temporal variation in richness patterns between seaweeds (Fig. 4b) were 
observed ( ANOVA, month x seaweed, F = 0.39, P = 0.754). However, an overall higher 
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nematode richness was observed in H. opuntia compared to S. polyceratium (ANOVA, 
seaweed, F = 7.35, P = 0.009). 
 
Figure 4. Temporal and spatial average (standard error bars) a densities and b 
richness of the nematode assemblage associated with H. opuntia (T1 and T2) and S. 
polyceratium (T2) in Cupe Beach (Brazil) in 2005-2006. 
 
2.3.3. Spatial variation of the nematode assemblage of H. opuntia 
A total of 49 and 41 genera were found associated with H. opuntia in T1 and T2, 
respectively. The genera that presented the highest densities were Euchromadora, 
Chromadora, and Acanthonchus in T1 (1.01; 0.91; 0.88 individuals/ml, respectively) 
and Euchromadora, Paracanthonchus and Halalaimus in T2 (2.07; 0.80; 0.44 
individuals/ml, respectively). The genera that reached the highest relative abundance 
in each transect were Chromadora, Euchromadora and Draconema in T1 (17%; 16%; 
16%, respectively), and Euchromadora, Paracanthonchus and Halalaimus in T2 (35%; 
10%; 8%, respectively; Fig. 5). 
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Table 2: ANOVA comparison of the nematode density and richness between H. 
opuntia and S. polyceratium in T2 over time; comparison of the nematode density and 
richness between the transects T1 and T2 for H. opuntia over time; and seaweed 
retention capacity between H. opuntia and S. polyceratium and between transects for 
H. opuntia over time in Cupe Beach Brazil in 2005-2006. The significant differences 
are marked in bold. 
 SS DF MS F P 
Nematodes      
H. opuntia x S. polyceratium      
Density      
Seaweed 0,13668 1 0,13668 1,7382 0,193263 
Month [Season] 0,18663 3 0,06221 0,7911 0,504461 
Seaweed x Month [Season] 0,76263 3 0,25421 3,2328 0,029777 
      
Richness      
Seaweed 2,9653 1 2,9653 7,3527 0,009104 
Month [Season] 2,7936 3 0,9312 2,3090 0,087412 
Seaweed x Month [Season] 0,6374 3 0,2125 0,5268 0,665841 
      
H. opuntia      
Density      
Transect 0,13773 1 0,13773 2,3836 0,129180 
Point 0,20244 2 0,10122 1,7518 0,184371 
Month [Season] 2,89517 3 0,96506 16,7017 0,000000 
Transect x Month [Season] 0,25330 3 0,08443 1,4612 0,236894 
      
Richness      
Transect 0,970 1 0,970 0,0665 0,797638 
Point 5,427 2 2,713 0,1861 0,830826 
Month [Season] 38,330 3 12,777 0,8761 0,460103 
Transect x Month [Season] 26,976 3 8,992 0,6166 0,607648 
      
Sediment accumulation      
H. opuntia x S. polyceratium      
Seaweed 2,12719 1 2,12719 8,20006 0,006066 
Month [Season] 0,73917 3 0,24639 0,94980 0,423582 
Seaweed x Month [Season] 0,52334 3 0,17445 0,67247 0,572880 
      
H. opuntia       
Transect 0,01947 1 0,01947 0,1201 0,730421 
Point 0,13078 2 0,06539 0,4034 0,670298 
Month [Season] 0,55744 3 0,18581 1,1462 0,340039 
Transect x Month [Season] 0,22969 3 0,07656 0,4723 0,703009 
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Figure 5. Average relative abundance of the five most abundant genera associated 
with H. opuntia in both transects in Cupe Beach (Brazil)  in 2005-2006. 
 2.3.3.1. Nematode assemblage structure of H. opuntia between transects over time 
No significant differences in nematode assemblage structure for any interaction 
between factors (PERMANOVA, transect x month[season], Pseudo-F= 0.82, P = 
0.622; point x month Pseudo-F= 1.23, P = 0.131), suggesting that variation in 
nematode assemblage structure of H. opuntia did not vary according to time, the 
distance to the shore or to the level of exposure to wave action, although some genera 
preferences for one transect over the other was observed (e.g. Euchromadora in T2, 
Fig. 5).   
2.3.3.2. Nematode density and richness of H. opuntia between transects over time 
No significant interaction between the transects and time in nematode density 
(ANOVA,  month[season] x transect, F = 1.21, P = 0.314) or in richness (ANOVA, 
month[season] x transect, F = 0.65, P = 0.584) were observed indicating that the 
observed pattern in density and richness was very similar over time in both transects. 
Also, no significant difference in richness (ANOVA, transect, F = 0.09, P = 0.769) 
between the T1 and T2 was found. However, for the factor month[season] regardless 
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transect, nematode density was significantly higher during the rainy season (ANOVA, 
season, F = 11.31, P = 0.001, Fig. 4a).  
 
2.3.3. Comparison on sediment retention between seaweeds and for H. opuntia 
between transects 
In total 90 samples for H. opuntia (9 replicates per transect over 5 months) and 35 
samples for S. polyceratium were analyzed. There were no differences  in sediment 
retention over time between H. opuntia and S. polyceratium in T2 (ANOVA, seaweed 
x month[season], F = 0.67, P = 0.572). Yet, the difference in architecture of the two 
seaweeds yielded differences in overall sediment retention capacities in T2 (Table 2) 
where H. opuntia retained significantly more sediment than S. polyceratium (main 
effect ANOVA, seaweed, F= 8.20, P= 0.006). No significant differences between for 
the factor months[season] (main effect ANOVA, month, F= 0.94, P= 0.423) was 
observed.  
For H. opuntia, no spatial pattern (Table 2) was observed in sediment retention 
between transects over time (ANOVA, transect x month[season], F = 1.46, P = 0.236) 
or between the transects (main effect ANOVA, F= 2.38, P= 0.129). Performing the 
Spearman’s correlation, no correlation was found between the nematode density and 
the amount of sediment retained for H. opuntia or S. polyceratium. However, a positive 
correlation was observed between the amount of retained sediment and nematode 
richness for both seaweeds (H. opuntia: R = 0.32, P = 0.011 – S. polyceratium: R= 
0.40, P = 0.014). Three of the most abundant genera showed a positive correlation 
between the amount of retained sediment and genus density in both seaweeds: 
Draconema (H. opuntia, R = 0.26, P = 0.03 - S. polyceratium, R = 0.34, P = 0.04), 
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Euchromadora (H. opuntia, R = 0.41, p <  0.001 - S. polyceratium, R = 0.37, p = 0.02) 
and Paracanthonchus only in H. opuntia (R = 0.28, P = 0.026). No correlation was 
found for Acanthonchus, Chromadora, Eurystomina or Hypodontolaimus.  
 
2.4. Discussion  
2.4.1. Co-occurring seaweed species harbor similar nematode communities and 
similar trophic composition but fluctuation of rare taxa may account for an 
overall difference between seaweeds  
No significant differences over time in nematode assemblage structure or richness. 
Similarity in nematode assemblages between seaweeds has been recorded in 
previous observations in a study involving four different macrophyte species (Da 
Rocha et al. 2006). However, H. opuntia showed higher overall nematode density 
during the rainy season (discussed in 2.4.2.) and higher overall richness compared to 
S. polyceratium. The most abundant genera were similar between seaweeds, e.g. 
Euchromadora and Paracanthonchus representing more than 44% of the total relative 
abundance for both macroalgae 
Some nematodes appeared to prefer one seaweed species over the other as illustrated 
by Hypodontolaimus for S. polyceratium. In contrast, on H. opuntia a higher average 
relative abundance of the family Draconematidae was observed, also the occurrence 
of Epsilonematidae, which was not associated with S. polyceratium. Both families are 
typically found associated with corals and other hard substrate (Raes and Vanreusel 
2006, Raes et al. 2008, Armenteros et al. 2012); their occurrence on H. opuntia is most 
likely related to the calcareous nature of H. opuntia. This kind of preference was 
already mentioned by other authors for seaweed and seagrass (Hopper and Meyers 
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1967, Hopper 1967, Warwick 1977). In epiphytic amphipods, no correlation has been 
found between seaweed morphology or complexity (ratio between surface area and 
biomass) and their abundance or species richness (Russo 1990). In contrast, ostracod 
species from California did show a strong correlation with complexity levels of the 
seaweed they were associated with (Frame et al. 2007). Therefore, it seems that 
different organisms have a different relationship with the macroalgal substrate. 
Regarding the feeding types in this study, the epistrate feeders (2A) were the most 
dominant in both seaweeds, as has been previously observed for seaweeds (Ólafsson 
et al. 1995, Da Rocha et al. 2006, Jaya et al. 2012b). However, this is in contrast with 
the nematode assemblage associated with the seagrass Zostera in which 1B was the 
most dominant feeding type (Alves et al. 2015) and with Caulerpa taxifolia which was 
dominated by the genus Halichoanolaimus, a predator/omnivore or 2B (Jaya et al. 
2012b). Preferences for a type of food source is also regarded as an important factor 
shaping nematode assemblages (Rice and Lambshead 1994). Macroalgae cell wall 
structure play an important role on the epiphytic microbiota, providing a more or less 
suitable attachment site depending on the bacteria and diatom species (Egan et al. 
2013). In our study, two types of seaweed cell wall are present, calcified and non-
calcified (H. opuntia and S. polyceratium, respectively), and each may harbor different 
micro-epibionts, influencing nematode genus preference for a certain seaweed 
species. 
 
2.4.2. Seasonal variation reveals higher nematode abundances during the rainy 
season but the assemblage composition was very similar 
Overall nematode density was significantly higher during the rainy season for both 
seaweeds. This could be a result of increase in food availability as the a higher 
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pluviosity increased allochthonous  inputs  of  organic  matter (Dell'Anno et al. 2002, 
Valentine and Duffy 2007). This hypothesis is corroborated by Machado et al. (2014) 
whom observed an increase  in nutrients and phytoplankton productivity in the same 
region, as a result of a river plume during the rainy season. Salinity may also be 
affecting nematode densities since it appears to be the most variable physical factor 
for the region (28.8 to 37.1), e.g. compared to water temperature (27,0 a 28,7 ˚C) 
(Dominguez et al. 1992), but its role on shaping epiphytal nematode assemblages is 
unclear. 
Although a similar trend was observed for both seaweeds (increase in average 
densities during the rainy season), the magnitude of this increase appeared to be 
seaweed species specific, as H. opuntia showed a significantly higher nematode 
density in the rainy season compared to S. polyceratium (interaction seaweed x 
month[season]) . Temporal variation in density of nematodes associated with 
seaweeds peaking in certain periods of the year has already been observed (Kito 
1982). However, comparison between nematode assemblages from different 
seaweeds species over time is extremely limited. In current work, no variation in 
richness was observed between seasons and months for both seaweeds and for H. 
opuntia in both transects, showing a fairly stable composition throughout the year. In 
contrast, a significant difference in nematode assemblage structure has been found 
between the rainy and the dry seasons. Although the composition was very similar 
between the dry and rainy seasons, some abundant genera reached significantly 
higher relative abundances during the rainy season (e.g. Euchromadora). Temporal 
variation of the epifauna living on macrophytes can be related to seasonal 
morphological changes of the thallus (Travizi and Zavodnik 2004), and some 
nematode species may migrate to the sediment if thallus morphology is not suitable 
     72 
 
(Jensen 1984a). Microarthropod species associated with the macrophyte Ascophyllum 
nodosum have also shown temporal variation (Jarvis and Seed 1996), with some 
species showing an increased density at a particular time point while the density 
decreased for other species. Meiofauna associated with the seagrass Posidonia 
oceanica showed higher temporal variability in density present on the leaf region than 
on the stem region, where the densities were higher with little variation throughout the 
year (Novak 1982). These differences were correlated with the seasonal development 
of the seagrass. Seaweeds, as Sargassum muticum, also show seasonal 
developmental variation, such as thallus size, which in turn may affect the associated 
fauna (Taylor 1997, Baer and Stengel 2010). In our study we used the species 
Sargassum polyceratium and Halimeda opuntia which were present throughout the 
year and without obvious thallus variation. Therefore, thallus seasonality is unlikely to 
be the most important factor explaining nematode seasonal variation. Moreover, it is 
important to emphasize that mentioned studies were performed in temperate higher 
latitudes (> 42°N or > 35°S) where there is a marked seasonal variation affecting the 
organisms life cycle. In contrast,  the current work was performed in tropical low latitude 
(8°S) region with fairly stable temperatures with average of 26.5 °C during the rainy 
season and 27.9 °C  during the dry season (Machado 2015).  
 
2.4.3. No significant differences in nematode assemblages between transects 
were observed 
There were no significant differences in nematode assemblage structure, density or 
richness, for H. opuntia between transects. These results are in accordance with 
Arroyo et al. (2004)  studying the meiofauna and nematode assemblage associated 
with the seaweed genus Laminaria in Spain. However, this result is unexpected 
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considering the distance between transects (about 80 m) and the differences in wave 
exposure. Moreover, according to the literature, the level of shelter from wave action 
appears to be a factor influencing nematode assemblages associated with the 
seaweed Sargassum in Brazil (Venekey et al. 2008) and on Gelidium pristoides in 
South Africa (Gibbons 1988). In present investigation, generally, the nematode 
assemblages associated with studied macrophytes reached a higher average density 
in more sheltered areas, although the data were not always statistically significant. One 
clear example was the genus Euchromadora  which preferred areas closer to the 
beach thus more sheltered  (T2) where it could reach twice the density of the area 
further away  from the beach line (T1). Our results show no evidence for the effect of 
wave exposure on epiphytic nematodes but may suggest that the different level of 
exposure between the two transects was not high enough to observe significant 
changes in those nematode assemblages. 
 
2.4.4. Sediment retention capacity differed between seaweeds, affecting the 
density of some specific genera but not the density of the whole assemblage  
There was no significant difference in sediment accumulation between the two 
transects over time. The sediment retention capacity related more to the seaweed 
species rather than to degree of exposure and appears related to the level of 
architectural complexity of the seaweed. Despite a significant difference in sediment 
retention capacity of the two seaweeds studied, it did not affect the overall nematode 
density. However, the retained sediment showed a positive correlation with the 
nematode richness for both seaweeds (H. opuntia: R = 0.32; p = 0.011 – S. 
polyceratium: R = 0.40; p=0.014). For some genera, a positive correlation was 
observed between the nematode density and seaweed species. For example in 
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Draconema  and Euchromadora. This may suggest that the effect of the amount of 
retained sediment is species-specific, affecting the assemblage structure and richness, 
but not the overall nematode density.  
Interestingly, Draconema and Euchromadora have not yet been recorded in the bottom 
sediment in the current studied location (de Oliveira et al. 2016), which could be either 
the result of morphological and locomotion adaptations of the first (Raes et al. 2008) 
or sampling underestimation.  Hypodontolaimus occurred in the bottom sediment and 
on the seaweed but did not show any correlation with the retained sediment. This result 
contrasts one  general assumptions found in a number of articles (Wieser 1951, Wieser 
1952, Hopper and Meyers 1967, Hopper 1967, Moore 1971, Warwick 1977, Da Rocha 
et al. 2006), that the more sediment on the macrophyte the more nematodes can be 
found (density). None of the above mentioned authors measured the amount of 
retained sediment and tested its correlation with the nematode assemblage density or 
seaweed structure. Nematodes appear to choose actively the substrate on which they 
settle (Ullberg and Ólafsson 2003, Arroyo et al. 2006) rather than just passively be 
transported along with the sediment through the currents and retained by the seaweed. 
Experiments on colonization of macrophytes by nematodes have demonstrated that 
through time, the assemblage is dominated by species that are typically found 
associated with macrophytes (Arroyo et al. 2006, Derycke et al. 2007c). Our results 
show different sediment retention capacities between both seaweeds, but no 
significant differences in nematode densities. This result opposes the idea that the 
more sediment retained by the seaweed, the higher the nematode overall density.  
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2.5. Conclusion 
Our results suggest that although there are similarities in nematode assemblages 
between seaweeds, there are preferences of some nematode genera to one seaweed 
over the other. Moreover, nematode densities significantly increase during the rainy 
season which might be a reflex of increase in nutrients and primary productivity during 
the period. Spatiotemporally, epiphytic nematode assemblages structure appears to 
be homogeneous and no major effect of wave exposure was observed. Contrary to 
what is generally expected in the literature, overall nematode densities did not increase 
with the increase of sediment load on the seaweeds. However, some genera appear 
to be positively correlated with sediment accumulation suggesting that this is a more 
genus specific rather than general relationship of epiphytic nematode assemblages. 
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Chapter 3: Comparison of nematode assemblages from 
seaweed and surrounding sediment across a latitudinal 
gradient 
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Abstract  
Seaweed beds are important ecosystems around the globe and harbor a high 
biodiversity. Knowledge on the diversity of nematodes associated with seaweeds is 
still very limited and its relation with the surrounding sediment assemblages is unclear. 
We characterized and compared the nematode assemblages of the seaweed genera 
Sargassum and Gracilaria and sediment from eight locations at the Brazilian coast 
along 3540km coastline and tested whether biodiversity latitudinal patterns are present 
for both substrates. Our results showed that the nematode assemblages of seaweeds 
appear to be significantly distinct from those of adjacent sediment meaning that 
complete removal of  seaweeds can cause a significant biodiversity loss in epiphytic 
nematode assemblages. Contrary to the sediment, we observed that few genera 
represented almost half of the total relative abundances in the seaweeds. No direct 
correlation of nematode biodiversity or density with the latitudinal gradient, for none of 
the substrates was observed. In general, within and between location similarity of 
nematode assemblages were higher for the ones in sediment. Our results indicate that 
the nematode diversity found on seaweeds may not be completely restored by the 
nematode assemblage found in the sediment. Instead, the recolonization source most 
likely comes from other seaweed beds.  
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3.1. Introduction 
Abundances and diversity of benthic invertebrates are affected by local variation in 
sediment characteristics such as granulometry and organic matter content (Ward 
1975, Heip et al. 1985, Urban-Malinga et al. 2005, Armenteros et al. 2010, Wang et al. 
2011), but also by factors with regional to global influence such as temperature, which 
varies with latitude (Huston and Huston 1994, Hillebrand and Azovsky 2001), and 
water currents (Santos et al. 2006). Species richness of marine invertebrates generally 
increases towards lower latitudes. For meiofauna, latitudinal trends appear much less 
obvious (Finlay 1998, Hillebrand and Azovsky 2001, Allen et al. 2002, Mokievsky and 
Azovsky 2002), as they can either follow the general latitudinal pattern, strongly 
correlating with water temperature in sandy beaches along a stretch of the Pacific 
South American coast (Lee and Riveros 2012), or be more affected by local factors 
such as food availability rather than by latitudinal gradient as observed in deep-sea 
sediments (Lambshead et al. 2000; 2002). To our knowledge, most studies describing 
biodiversity patterns of marine invertebrates have focused on either the benthic or 
planktonic realm, whereas comparable studies on latitudinal patterns of invertebrates 
associated with phytal habitats are scant (Edgar 1982), and are even completely 
lacking in the case of meiofauna. Latitudinal patterns in biodiversity could allow us to 
understand if biodiversity distribution in small size metazoans lacking planktonic  
larvae, such as nematodes, follow the general global biodiversity trend, or if they are 
more stochastic. This is important because it gives us insights whether local factors 
can play a more important role in shaping those assemblages rather than a larger-
scale trend. 
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Seaweed beds are affected locally and globally by anthropogenic pressures, either due 
to direct exploitation (Marinho-Soriano 2016) or to climate change  (Jueterbock et al. 
2013). Harvesting of seaweeds from the natural bed has shown to negatively affect the 
biomass, and abundances of the associated fauna such as mollusks Perna perna and 
Fissurella mutobilis (Lasiak and Field 1995), and lobsters Panulirus argus,  Panulirus 
laevicauda (Costa et al. 2011).  The increase of CO2 uptake by the oceans has resulted 
in an increased growth rate of seaweeds (Gutow et al. 2014) and in a decrease of 
calcium carbonate fixation in coralline seaweeds (Brown 2012). Seaweed beds cause 
attenuation of the hydrodynamic energy and stabilize the sediment in coastal areas 
(Romano et al. 2003). They also serve as a food source and/or reproduction site for 
economically important organisms such as shrimps, lobsters (Miller et al. 1971) and 
fishes (Brüggemann 2012), but also for small metazoans such as nematodes (Warwick 
1977), harpacticoid copepods and other meiobenthos (Coull et al. 1983). Many 
meiofauna on seaweeds presumably graze microalgae and other epigrowth organisms 
(copepods:  Hicks 1977, Whatley and Wall 1975) and may thus contribute to controlling 
the densities of epiphytes, such as diatoms and cyanobacteria, which compete for light 
and nutrients with the seaweeds (Van Donk 1998, Ghobrial et al. 2007). Many 
nematodes living on macroalgal surfaces, for instance, belong to the so-called 
epistratum feeders (Da Rocha et al. 2006, De Oliveira et al. 2016) which feed by 
puncturing unicellular microalgae, and/or by scraping off epigrowth from the algal thalli 
(Moens and Vincx 1997).  
True benthic or interstitial nematode assemblages are very diverse, reach high 
abundances (Lambshead 2004), and comprise species which are able to colonize 
seaweeds (Warwick 1977). Such colonization could be enhanced by the accumulation 
of sediment resulting from wave attenuation in macroalgal beds; this sediment 
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accumulation in turn increases the microhabitat complexity in algal beds (Gibbons 
1988). Therefore, interstitial nematode assemblages could serve as a reservoir of 
biodiversity from which macroalgae in the process of recovery from human impacts 
such as culling can become recolonized. Rapid recolonization by associated 
organisms from a nearby reservoir may be important to the resilience of seaweed beds 
considering that seaweed exploitation can be very intensive (Marinho-Soriano 2016),  
can cause dramatic and frequently repeated habitat loss (Rocha 2013, de Paula et al. 
2015), and that epiphytic invertebrates can be important in controlling microbial 
epigrowth on recovering algae (see above).   
Unfortunately, only few studies have investigated nematode assemblages associated 
with seaweeds from at least genus level (e.g. Warwick 1977, Kito 1981, 1982, Coull et 
al. 1983, Gee and Warwick 1994, Pérez-García et al. 2015), and to our knowledge, 
only two studies have investigated nematode assemblages on seaweeds from the 
Brazilian coast (Da Rocha et al. 2006, Venekey 2008). Studies at the Brazilian coast, 
which corresponds to a large portion of the Atlantic South American continent  could 
potentially provide relevant information on phytal habitat in tropical regions and 
improve our knowledge on nematode biodiversity in shallow-water ecosystems. 
 
Therefore, in this work we aim to 1) characterize and compare the nematode 
assemblages associated with two seaweed species and from adjacent beach 
sediments from eight locations along the southwestern Atlantic coast; 2) assess 
whether interstitial nematode assemblages can be a reservoir from which recovering 
macroalgae can become recolonized after disturbance caused by algal exploitation; 3) 
investigate and compare latitudinal patterns in the diversity of nematode assemblages 
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of sediments and macroalgae along 3450 km of southwestern Atlantic coast. We 
expect to observe differences in nematode assemblage structure between macroalgae 
and sediment because of differences in habitat (epiphytic and interstitial); that the 
sediment nematode assemblage may not fully restore epiphytic nematode diversity 
because a part of nematode diversity on seaweed would be absent in the sediment; 
and we expect  higher diversity in lower latitudes because of latitudinal temperature 
gradient. 
 
3.2. Material and methods 
3.2.1. Nematode sampling 
Sampling occurred during the rainy seasons of 2012 and 2013 at eight locations along 
the east coast of Brazil (Table 1; Fig. 1). Six locations, Flecheiras (CE), Pirambú (CE), 
Icapuí (CE) (CE = Ceara state), Muriú (RN) (RN = Rio Grande do Norte state), Cupe 
(PE) (PE = Pernambuco state) and Ponta Verde (AL) ( AL = Alagoas state), are located 
along the northeastern coast (northeast region) where arenitic reefs and coral reefs 
are present. They are under the influence of the warm Brazilian and North Brazilian 
currents, with average water temperatures >18˚C. The remaining two beaches, São 
Sebastião (SP) (SP = São Paulo state) and Ubatuba (SC) (SC = Santa Catarina state) 
are located at the southeastern and southern (southeast-south region) coast, and are 
under the influence of the Brazilian current and the rising of the colder South Atlantic 
Central Water which generates upwelling with average water temperature <18 ˚C 
(Coelho-Souza et al. 2012). The smallest and largest distances between all pairs of 
locations were 167 (Cupe and  Ponta Verde) and 3546 km (Flecheiras and Ubatuba), 
respectively. 
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Figure 1. Sampling sites and main marine currents along the Brazilian coast. From 
North to South the sampling sites are Flecheiras-CE; Pirambú-CE; Icapuí-CE; Muriú-
RN; Cupe-PE; Ponta Verde-AL; São Sebastião-SP; Ubatuba-SC. 
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Table 1: Details of the sampled beaches referring  to seaweed genera, and the year of 
sampling.  
Beach Coordinate Seaweed Year 
Flecheiras (CE) 3°13'08''S 39°16'18''W Gracilaria 2013 
Pirambú (CE) 3°42'19''S 38°33'29''W Sargassum 2012 
Icapuí (CE) 4°41'02''S 37°22'01''W Grailaria 2012 
Muriú (RN) 5°33'43''S 35°14'21''W Gracilaria 2013 
Cupe (PE) 8°27'29''S 34°58'58''W Sargassum 2012 
P. Verde (AL) 9°39'55''S 35°41'54''W Sargassum 2012 
S. Sebastião (SP) 
23°49'42''S 
45°25'20''W Sargassum 2012 
Ubatuba-SC 
26°11'48''S 
48°31'35''W Sargassum 2012 
  
Sediment granulometry of all beaches ranged from very fine sand to gravel, with the 
dominance of fine sand in Icapuí (CE), and very course sand in Cupe (PE). An 
overview of relevant environmental data (e.g. air temperature, pluviosity and salinity) 
can be found in table 2. All samplings were performed during low tide in the subtidal 
zone. Three samples of each substrate (seaweed and adjacent sediment) per beach 
were collected yielding a total of six samples per beach. First, the top-5 cm of sediment 
was collected typically at a distance of no more than 50 cm from the collected 
seaweeds, by using a plastic cylinder with an inner diameter of 3.6 cm that was pushed 
vertically into the sediment. Second, the whole seaweed (holdfast and thalli) was 
collected manually by using a knife to detach the holdfast from the substrate, brought 
to the surface and put in a plastic recipient. Seaweeds used in this study belonged to 
the genera Sargassum C. Agardh (1820) and Gracilaria Greville (1830). All samples 
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were fixed in situ using DESS (Yoder et al. 2006) by submerging the whole algal and 
sediment sample in the DESS solution.  
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Table 2: Sampling locations and corresponding environmental data. Abbreviations: Temp Air (air temperature); Temp Water (water 
temperature); High. Prec. Period (Period of highest precipitation values);  High. Prec. Month (month with highest total precipitation 
values); NE (Northeastern coast); SE-S (Southeastern-South Coast); P. Verde (Ponta Verde); S. Sebastião (São Sebastião). * 
indicates that data was not available. Environmental data was obtained from literature (Migotto et al. 1993, Carvalho et al. 1998, 
Barcellos and Furtado 1999, Horn Filho 2003, Dantas 2004, Araujo 2006, Vieira Hazin et al. 2008, Almeida 2010, Araujo and 
Rodrigues 2011, Bastos et al. 2011, Veras 2011, Zular 2011, Barros et al. 2012, Chaves 2012, Marino et al. 2013, Santos et al. 2014, 
Diniz and Pereira 2015). 
Region Location 
Temp. Air 
(Mean) 
Temp. 
Water 
(min-max) High. Prec. Period 
High. Prec. Month 
(mm - max; yearly 
mean) 
Salinity 
(min - max) Grain size range (dominant fraction) 
NE 
Flecheiras (CE) 26 - 28 27 - 32 Jan - June April - 272;         1238 33 -37 Medium (medium sand)  
Pirambu (CE) 26 - 30 28 Jan - June April - 384;         1500 35 - 36 Fine to course sand (course sand) 
Icapuí (CE) 20 - 32 27 - 28 Jan - May June - * ;               949  33 - 35 Very fine to fine sand (fine sand) 
Muriú (RN) 25 - 27 33 -34 April - June June - 260;         1562 33 - 40 Fine to medium sand (fine sand) 
Cupe (PE) 24 - 32 26 - 29 March - August June - 415;         2050 32 - 38 Very fine sand to gravel (very course sand) 
P. Verde (AL) 22 - 29 26 - 29 March - September  June - 300;         2059 35 - 38 Medium to coarse  sand (medium sand) 
SE-S 
 
S. Sebastião (SP)  20 - 25 16 - 31 December  - January January - 366;   1500 29 - 36 medium silt to medium sand (*)    
Ubatuba (SC) 16 - 20 17 - 26 January - February February - 275; 1800 24 - 35  fine to medium sand (*)  
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3.2.2. Sample processing 
The seaweed samples were washed in the laboratory under a continuous flow of 
freshwater filtered with a Micro-Klean® (G78B2-1T, 5 µm) filter, over a pair of sieves 
with mesh sizes of 500 and 44 micrometers (Elmgren 1973, Gee and Warwick 1994b) 
and the retained fauna in the latter was analyzed. The algal volume was measured 
according to the methodology of Montouchet (1979) by immerging the seaweed in a 
beaker filled with a known volume of water and calculating the difference between the 
final and initial volume. For the sediment samples, nematodes were physically 
separated from the sediment by repeated (10 x) vigorous mixing of the sediment with 
freshwater followed by decantation over the same pair of sieves as mentioned above 
(Elmgren 1976). The elutriation procedure was repeated ten times per sediment 
sample. The nematodes were counted under a dissection microscope Olympus SZ51 
(magnification up to 40 x). When present, at least 100 nematodes were randomly and 
manually picked out with a needle and mounted in slides for morphological 
identification. Preparation and mounting of the nematode specimens followed De 
Grisse (1969). The nematodes were identified to genus level under an Olympus CX31 
light microscope by using specialized literature (Platt et al. 1985, Abebe et al. 2006).  
Nematodes were also classified into feeding types according to (Wieser 1953), which 
essentially assigns nematodes to four feeding guilds on the basis of their buccal cavity 
morphology: 1A – selective deposit feeders (narrow unarmed stoma, feed on bacteria 
and similarly sized particles), 1B – non-selective deposit feeders (wide(r) unarmed 
stoma, potentially feed on a broader range of particles, including microalgae and 
bacteria (Moens and Vincx 1997)), 2A – epistrate feeders (armed stoma with teeth 
and/or denticles, feed on microalgae and bacteria), and 2B – predators or omnivores 
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(large armed stoma with teeth and/or mandibles, feed on other metazoans, but also on 
protists and perhaps even on bacteria) (Moens et al. 2004, Moens et al. 2014). 
 
3.2.3. Data analyses 
3.2.3.1. Data treatment 
The richness (the number of genera occurring in the sample, here expressed as Sgenera) 
and Shannon’s diversity index (H’, a measure of species diversity in an assemblage) 
were calculated for each sample. To estimate the diversity loss from algal beds in case 
of complete removal of the seaweeds, we calculated the percentage of nematode 
genera that only occurred associated with seaweeds. A genus was only associated 
with a single type of substrate per location when not even a single specimen was found 
in the other substrate. Because nematode densities on algae were expressed as 
numbers per unit volume (individuals/ml), we have converted the densities of 
nematodes in the sediment from individuals/10cm² to individuals/ml by multiplying the 
core area by the sampling depth (5cm) and then standardizing per ml. In this manner 
we increased comparability between substrates.  
Because two seaweed species were collected (Gracilaria sp. in Flecheiras-CE, Icapuí-
CE and Muriú-RN; Sargassum sp. in Pirambu-CE, Cupe-PE, Ponta Verde-AL, São 
Sebastião-SP and Ubatuba-SC), a one-way Analysis of Variance (ANOVA) comparing 
the density and biodiversity, and a one-way Permutational Multivariate Analysis of 
Variance (PERMANOVA – Anderson et al. 2001) comparing the assemblage structure 
between the two seaweeds (factor: seaweed species) was performed. Should any 
significant difference be found for either analysis, the dataset for Sargassum sp. and 
Gracilaria sp. would be analyzed separately. 
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3.2.3.2. Comparison of nematode density and diversity between locations 
We tested the hypothesis of no significant differences in nematode total density, 
and Sgenera and H’  by performing univariate analyses (one-way ANOVA, fixed factor: 
location) among the eight locations for sediment, three for Gracilaria and five for 
Sargassum along the Brazilian coast, separately (no interaction between substrate and 
location) because of the structural difference between habitats.   We transformed the 
data to squared or fourth root to fulfill the assumptions when necessary (Kolmogorov-
Smirnov normality test, Levene’s homogeneity test, XY mean and standard variation 
plot) prior to the ANOVA analyses. When significant differences among locations were 
observed, Tukey’s HSD test was performed to identify the differences between pairs 
of locations.  
 
 3.2.3.2. Comparison of nematode assemblage between substrate (seaweed, 
sediments) and locations 
We tested the hypothesis of no differences in nematode assemblage structure 
(taxa occurrence and proportions) between seaweed and sediment in the studied 
locations. The data was transformed to Log (X+1) and standardized by the total 
(relative abundance) to decrease the effect of discrepancy in abundances between 
substrates, and then analysed using two-way PERMANOVA analyses with fixed 
factors location (such as in the univariate analyses) and substrate. A Permutation 
Dispersion analysis (PERMDISP) was performed to test whether significant results 
observed in PERMANOVA could be an effect of dispersion of the variances 
(heteroscedasticity). To visualize the similarity between samples we have generated a 
Principal Coordinates Analysis plot (PCO), and a Similarity Percentages analysis 
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(SIMPER) was performed to identify the taxa which contributed the most to the 
differences between seaweed and sediment nematode assemblages. 
The multivariate analyses PERMANOVA, PERMDISP, PCO and SIMPER were based 
on Bray-Curtis similarity matrices and performed using the software PRIMER + v. 6.1.6 
(Clarke and Gorley 2006) with PERMANOVA add-on.  
 
3.2.3.3 Correlating nematode diversity and density with latitude 
Gracilaria sp. only occurred in the northeast. Therefore, only Sargassum and sediment 
samples were used for the correlation analysis with latitude. To test the hypothesis of  
no correlation between diversity and density and latitude, a Spearman correlation 
analysis was performed between the S genera, H’, or density,  with the latitudinal values 
(numbers) from Table 1.  
The ANOVA, Tukey test and Spearman correlation analyses were performed using the 
software STATISTICA v. 7 (Statsoft 2004). 
Table 3: Occurrence of the nematode genera per beach, substrate and corresponding 
feeding type. The Genera that only occurred on seaweeds, only in sediment and 
occurred in both substrates are marked as SW, SD, BO respectively. 
Genus Beach 
Feeding 
Type 
 Flecheiras(CE) Pirambú(CE) Icapuí(CE) Muriú(RN) Cupe(PE) P. Verde(AL) S. Sebastião(SP) Ubatuba(SC)  
Acanthonchus SW SW - SD - - SD - 2A 
Acanthopharingoides - - - - SD - - SW 2A 
Actinonema - - - SW - - - BO 2A 
Adoncholaimus SW - - - - - - - 2B 
Amphimonhystera - - - SD - - - - 1B 
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Anoplostoma - - - - SW - - BO 1B 
Anticoma SW - - - - - SW SW 1B 
Anticomopsis SW - - - - - - - 1B 
Apodontium - - - - - - - SD 1B 
Araeolaimus SW - - - - - - SW 1A 
Ascolaimus SW - - - - - - - 1B 
Atrochromadora - - - - - - - SW 2A 
Axonolaimus - - - - - - - SW 1B 
Bathylaimus - - SW - - - - - 2B 
Calyptronema - - - - - - SD - 2B 
Camacolaimus  - SW - BO SD SD SD SW 2A 
Ceramonema - - - SD - - - - 1A 
Chaetonema BO - - - - - - - 1B 
Chromadora SW BO SW BO BO SW - SW 2A 
Chromadorella - - - SD SW BO SW - 2A 
Chromadorina SW SW - SW SD SW SW SW 2A 
Chromadorita - - SD SD SD SW SD SW 2A 
Comesoma - - BO - - BO - - 1B 
Comesomoides - - - - - SW - - 1A 
Crenopharix - - - - - - - - 1B 
Cyatonema - - - SD - - - - 1B 
Daptonema SW SD BO SD - BO - - 1B 
Dasynemoides - - - SD - - - - 1A 
Demonema SW - - - SD - - - 2B 
Desmodora - - - - SD BO - SW 2A 
Desmolaimus - - - - - SD - SW 1B 
Desmolorenzenia SD - - BO - - SW - 1A 
Desmoscolex - - SD SD SD - BO - 1A 
Dolicholaimus - - - - - SW - - 2A 
Dorylaimopsis - - SD - SD SD - - 2A 
Draconema - - - - SW SW SW SW 1A 
Endeolophos BO - - - SW - - SD 2A 
Enoploides - - - - - - - SW 2B 
Enoplus - - - - - - - SW 2B 
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Epachanthion - - - SD SD - BO - 2B 
Epsilonema - - - - BO SD - SW 1A 
Ethmolaimus - - - SW - - - - 2A 
Euchromadora SW BO - SW SW SW BO SW 2A 
Eurystomina - - - SW SD SD - - 2B 
Glochionema - - - - - - SD - 1A 
Gomphionema - - - - - BO - - 2B 
Halalaimus - - SD - SD - SW SW 1A 
Halichoanolaimus SW - - - - - - - 2B 
Hopperia - - SD - - - - - 2A 
Hypodontolaimus BO - BO SD BO - - - 2A 
Latronema SD - - SD SD - - - 2B 
Megadesmolaimus - - - - - SD - - 1B 
Megeurystomina - - - - - - SD - 2B 
Mesacanthion - - - - SD - - - 2B 
Metachromadora - - BO SD SD SD - - 2A 
Metadesmolaimus - - - - - - - - 1B 
Metalinhonaeus - - - - - SD - - 1A 
Metoncholaimus SD - - - - - - - 2B 
Meyersia BO - - - - - - - 2B 
Microlaimus - - - SD SD - - BO 2A 
Molgolaimus - SD SD - SD - - - 2A 
Monhystera SW - - - BO SW - - 1B 
Nanolaimus SD - - - - - - - 1B 
Nemanema - - - - - - SW - 1A 
Nudora - - - - SD - - - 2A 
Odontophora - - - SD - - - - 2B 
Omicronema SD - - - - - - SD 1B 
Onchium SW - - SW SW - SD - 2A 
Oncholaimellus - - SD SD SD - - - 2B 
Oncholaimus BO - SW - BO SW - BO 2B 
Oxistomina - - - SW - - - - 1A 
Paracanthonchus SW - - SW SW SW - - 2A 
Paracomesoma - - - - - SD - - 1B 
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Paracyatholaimoides - - - - - - SW - 2A 
Paracyatholaimus - - - - - SD - - 2A 
Parallelocoilas - - - - - - - SW 1B 
Paramonhystera SD - BO - SD - SW SW 2B 
Paraondontophora - - - - - SD - - 2B 
Pareurystomina - - - - - SW - - 2A 
Parodontophora - - - - - BO - - 2B 
Paroncholaimus SD - - - - - - - 2B 
Perepsilonema - - - SD SD - - - 1A 
Phanoderma - - - - - - SW SW 1B 
Plectus - - - SD SW - - - 1A 
Pomponema - - - SD SD SW - - 2B 
pontonema - - - - - - SW - 2B 
Praeacanthochus - - - BO - - - - 2A 
Prochaetosoma - - - - SD - - - 2A 
Prochromadora - - - - BO - - SW 2A 
Prochromadorella - SD - SW - - SW - 2A 
Prooncholaimus SW - - - SW - SW - 2B 
Prorhynchonema - - - SD - SW - - 1B 
Pselionema - - - - - - SD - 1A 
Pseudochromadora - - SW SD SD SD - - 2A 
Pseudosteineria SD SD SD - SD SW - - 1B 
Rhips SW SW - - - SW SW BO 2A 
Rhynchonema - SD SD SD SD - - SD 1B 
Richtersia SD - BO - - - - - 1B 
Sabatieria - - SD - - SD - SW 1B 
Setosabatieria - - SD SD - SD - - 1B 
Southerniella - - - - - - SW - 1A 
Sphaerolaimus - - SD - - - - - 1B 
Spilophorella SW SW SW SW SW SW SW SW 2A 
Spirinia - SD - SD - SD - - 1A 
Steineria - - - SW - SW - - 1B 
Symplochostoma SW BO - SW BO - - SD 2B 
Syringolaimus SW SW - - SW SD - SW 2B 
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Terschellingia BO - SD SD - SD - SW 1A 
Theristus SD - BO - BO SW SD BO 1B 
Thoracostoma SW - - - - - - SW 2A 
Thoracostomopsis - - - - - SD - - 2A 
Trichoteristus SD - - - SD - - BO 1B 
Tricoma - SD - SD SD BO - - 1A 
Trocamus - - - - SD - SD - 2A 
Viscosia BO BO SD BO BO BO SW BO 2B 
Xyala - - - - SD - - SD 1B 
 
 
3.3. Results 
3.3.1. Characterization and comparison of nematode assemblage structure 
between seaweed and sediment   
In total, 116 nematode genera were identified; 79 (average 9.43 ± 1.15 per sample) 
genera on seaweeds and 89 (average 11.6 ± 1.10 per sample) in sediments (Table 3, 
Fig. 2).  
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Figure 2. Total number of genera found per substrate per beach along the Brazilian 
coast. Abbreviations: Flech (CE) (Flecheiras (CE)); Pir CE (Pirambú (CE)); Ica (CE) 
(Icapuí (CE)); Mur-RN (Muriú (RN)); Cup (PE) (Cupe (PE)); P. Ver (AL) (Ponta Verde 
(AL)); S. Seb (São Sebastião (SP)); Uba (Ubatuba (SC)). 
 
In total 26  of the nematode genera only occurred on seaweeds, 36 only in the sediment 
and 54 occurred in both substrates (Fig. 3). The five most abundant genera per location 
for Gracilaria, Sargassum and sediment are shown in Table 4. Feeding type 2A was 
represented by the highest number of genera in both substrates. However, in terms of 
relative abundance, 2A was dominant only for seaweeds while 1B was dominant in 
sediment (Fig. 4). 
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Figure 3. percentage of genera that only occurred on seaweeds, only in the sediment 
or in both substrates per beach. 
 
 
Figure 4. Relative abundance of the genera belonging to each feeding type for 
seaweeds (A) and sediment (B) along the Brazilian coast. 
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3.3.1.1. Density, S genera, and H’ between location and latitudinal correlation  
The average densities fluctuated from 0.5 to 24.3 individuals/ml  on seaweeds and 
from 0.4 to 29.5 in the sediment (Fig. 5). No significant differences in S genera were found 
between the two seaweed species (one-way ANOVA: F= 0.363; p= 0.552), but 
Sargassum showed a significantly higher nematode density compared to Gracilaria 
(one-way ANOVA: F= 5.450; p= 0.029), while Gracilaria showed significantly higher H’ 
(one-way ANOVA: F= 4.711; p= 0.041) (Table 5). Hence, three locations for Gracilaria, 
five locations for Sargassum and eight locations for sediment were used separately for 
the latitudinal density and biodiversity analyses. 
 
Figure 5. Average density and standard error bars of the nematode community 
associated with seaweeds and sediment along the Brazilian coast. Abbreviations: 
Flech (CE) (Flecheiras (CE)); Pir CE (Pirambú (CE)); Ica (CE) (Icapuí (CE)); Mur-RN 
(Muriú (RN)); Cup (PE) (Cupe (PE)); P. Ver (AL) (Ponta Verde (AL)); S. Seb (São 
Sebastião (SP)); Uba (Ubatuba (SC))
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Table 4. The five most abundant nematode genera for each substrate in the eight studied locations along the Brazilian coast. Numbers 
represent the average relative abundance of the respective genus. 
 Flecheiras (CE) Pirrambú (CE) Icapuí (CE) Muriú (RN) Cupe (PE) Ponta Verde (AL) S.Sebastião (SP) Ubatuba (SC) 
Sediment 
Hypodontolaimus 
Pseudosteineria 
Chaetonema 
Paramonhystera 
Paroncholaimus 
24 
21 
18 
11 
6 
Viscosia 
Pseudosteineria 
Rhynchonema 
Euchromadora 
Prochromadorella 
29 
26 
18 
13 
3 
Paramonhystera 
Richtersia 
Oncholaimellus 
Daptonema 
Hypodontolaimus 
26 
25 
19 
8 
3 
Spirinia 
Hypodontolaimus 
Rhips 
Prorhynchonema 
Rhynchonema 
30 
8 
8 
7 
5 
Chromadorita 
Monhystera 
Hypodontolaimus 
Rhynchonema 
Oncholaimus 
16 
14 
12 
6 
6 
Terschellingia 
Spirinia 
Megadesmolaimus 
Paracomesoma 
Sabatieria 
33 
12 
7 
7 
6 
Epachanthion 
Theristus 
Trocamus 
Acanthonchus 
Calyptronema 
37 
25 
15 
4 
3 
Trichotheristus 
Theristus 
Omicronema 
Microlaimus 
Rhynchonema 
50 
18 
16 
6 
3 
Gracilaria 
 
Chromadora 
Paracanthonchus 
Oncholaimus 
Anticoma 
Endeolophos 
 
26 
16 
10 
6 
5 
 
Chromadora 
Hypodontolaimus 
Metachromadora 
Paramonhystera 
Bathylaimus 
37 
18 
11 
7 
4 
Chromadora 
Paracanthonchus 
Euchromadora 
Praeacanthochus 
Spilophorella 
36 
27 
16 
7 
4 
    
Sargassum  
Chromadora 
Spilophorella 
Euchromadora 
Acanthonchus 
Camacolaimus 
40 
28 
11 
6 
4 
  
Paracanthonchus 
Hypodontolaimus 
Euchromadora 
Chromadora 
Chromadorella 
38 
21 
14 
7 
7 
Chromadora 
Paracanthonchus 
Euchromadora 
Viscosia 
Monhystera 
41 
23 
16 
6 
3 
Pontonema 
Viscosia 
Halalaimus 
Epachanthion 
Southerniella 
74 
4 
3 
3 
3 
Chromadora 
Chromadorina 
Epsilonema 
Araeolaimus 
Paramonhystera 
41 
10 
7 
6 
4 
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Table 5: ANOVA results of (a) the nematode density, Sgenera and H’ comparison of the 
nematode community between the two seaweeds Sargassum and Gracilaria; (b) the 
nematode density, Sgenera (S) and biodiversity (H’) of Sargassum between beaches; (c) 
the nematode density, Sgenera and H’ comparison of the nematode community of 
Gracilaria between beaches; (d) the nematode density, Sgenera and H’ between 
beaches along the Brazilian coast. Significant results are marked in bold. 
Dependent variable Seaweed location 
Effect (F/R) Fixed Fixed 
(a) Sargassum and 
Gracilaria 
  
Density df=1; F=5.454; p= 0.029 na 
S genera df=1; F= 0.363; p= 0.552 na 
H’ df=1; F= 4.711; p= 0.041 na 
(b) Sargassum   
Density na df=3; F= 10.545; p= 0.001 
S genera na df=3; F= 2.222; p= 0.147 
H’ na df=3; F= 1.172; p= 0.385 
(c) Gracilaria   
Density na df=2; F= 7.835; p= 0.021 
S genera na df=2; F= 13.164; p= 0.006 
H’ na df=2; F= 8.057; p= 0.019 
(d) Sediment   
S genera na df=6; F= 26.410; p<0.001 
H’ na df=6; F= 11.630; p<0.001 
S genera na df=6; F= 18.497; p= 0.001 
 
For Sargassum, an overall significant difference in density was observed between 
locations (one-way ANOVA: F= 10.545; p= 0.001). Pirambú-CE showed significantly 
lower densities compared to  Cupe-PE (p= 0.001) and Ubatuba (SC) (p= 0.020), and 
Cupe-PE showed significantly higher nematode density compared to P. Verde-AL (p= 
0.011). No significant differences in S genera (ANOVA: F= 2.222; p= 0.147) or H’ (one-
way ANOVA: F= 1.172; p= 0.385; Fig. 2, 6; Table 5) among locations were observed.  
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Figure 6. H’ values of the nematodes associated with the seaweed genera Sargassum 
and Gracilaria and those found in sediments along the Brazilian coast. Abbreviations: 
Flech (CE) (Flecheiras (CE)); Pir CE (Pirambú (CE)); Ica (CE) (Icapuí (CE)); Mur-RN 
(Muriú (RN)); Cup (PE) (Cupe (PE)); P. Ver (AL) (Ponta Verde (AL)); S. Seb (São 
Sebastião (SP)); Uba (Ubatuba (SC)). 
 
For Gracilaria, overall significant differences  in density (one-way ANOVA: F= 7.835; 
p= 0.021), Sgenera (one-way ANOVA: F= 13.164; p= 0.006) and H’ (one-way ANOVA: 
F= 8.057; p= 0.019) were observed. Nematode densities (p= 0.018) and H’ (p= 0.018) 
were significantly lower in Icapuí (CE) than in Flecheiras (CE), and S genera was 
significantly lower in Icapuí (CE) compared to Flecheiras (CE) (p= 0.006) and Muriú 
(RN) (p= 0.019). Icapuí (CE) is a location with known historical seaweed exploitation, 
and when it was excluded from the analysis, no significant differences in density and 
biodiversity (Sgenera or H’) between the remaining beaches (Flecheiras (CE) and Muriú 
(RN)) were observed. Additionally, by not including Icapuí into the analyses comparing 
the two seaweeds (Gracilaria vs Sargassum), the only significant difference was in H’ 
(one-way ANOVA: F= 9.495; p= 0.006). 
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For sediment, significant differences between locations in the three variables were 
observed (one-way ANOVA: nematode density, F= 26.410; p< 0.001- S genera F= 
11.630; p< 0.001 – H’, F= 18.497; p< 0.001; Table 5). Nematode density in the 
sediment varied considerably. The location Flecheiras (CE) had the highest nematode 
densities except compared to Icapuí (CE) and Cupe (PE). In contrast, Pirambú (CE) 
had significantly the lowest densities followed by S. Sebastião (SP).  
The Sgenera was significantly higher in the location Cupe (PE) followed by Muriú (RN) 
and P. Verde (AL). Again, Pirambú-CE showed significantly lower Sgenera except when 
compared to S. Sebastião (SP) (Fig. 2; Table 7). Similarly, H’ was significantly higher 
in Cupe (PE) followed by Muriú-RN and P. Verde-AL. However, for H’, Ubatuba (SC) 
showed the lowest value instead of  Pirambú (CE), compared to the other two analyses 
(density and S genera). Generally, the location of Pirambú (CE) had the lowest values 
for the three variables. Detailed pairwise comparisons are provided in table 7. 
 
3.3.1.2. Assemblage structure between substrates and locations 
No significant differences in nematode assemblage structure between the seaweeds 
were found (one-way PERMANOVA: Pseudo-F= 1.538; p= 0.125)(Fig. 7). PERMDISP 
analysis also showed that this result was not affected by dispersion of the variance 
between seaweed species (factor seaweed species: p(perm)= 0.146). The 
resemblance in assemblage structure was due to high abundances of the same genera 
structuring the assemblages of both seaweed (SIMPER: Chromadora and 
Paracanthonchus cumulative contribution of 78.71% and 60.01% in Gracilaria and 
Sargassum respectively), accounting for about 50% of the nematodes on both 
seaweeds. In the absence of significant differences between the nematode 
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assemblages of the two algal species, the data of both seaweeds from all locations 
were pooled for the analysis of assemblage structure between substrates (seaweed 
and sediment).  
 
Figure 7. PCO showing the variability in nematode assemblages between Gracilaria 
and Sargassum. The first two axes explaining 30% of the variability.  
 
A significant effect of the interaction of the factors substrate and location (two-way 
PERMANOVA: Pseudo-F= 4.1369; p< 0.001) on nematode assemblage structure was 
observed, showing that differences between substrates were not consistent across 
locations. All nematode assemblages associated with seaweeds were significantly 
different from those in sediments (Pairwise PERMANOVA, p<0.05), except in S. 
Sebastião-SP (p= 0.130). The genera that reached the highest average relative 
abundances on seaweeds were Chromadora (30% ± 4.3%), Paracanthonchus (11% 
± 2.6%) and Euchromadora (10% ± 2.3%), with the second one occurring exclusively 
and the first and the third one predominantly on seaweeds. Those genera contributed 
26.41% of the difference in nematode assemblage composition between substrates 
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(SIMPER). For sediment, Trichotheristus (7% ± 3.5%), Spirinia (6% ± 2.8%) and 
Hypodontolaimus (6% ± 2.0%) reached the highest relative abundances, with the 
second one occurring exclusively and the first and the third ones predominantly in 
sediment (table 3). The observed differences between seaweed and sediment have to 
be interpreted with caution, because PERMDISP demonstrated a significant 
(p=0.0001) dispersion effect. However, the PCO (Fig. 8) confirms a clear separation 
between the two substrates, indicating that they do differ substantially.  
 
Figure 8. PCO showing the variability in nematode assemblages from eight beaches 
along 3450 km of Brazilian coast line. The first two axes explaining 30% of the 
variability. Blue and red symbols correspond to seaweed and sediment assemblages, 
respectively. 
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Table 6: Pairwise within and between similarities for seaweed (a) and sediment (b) 
nematode assemblages of the eight studied locations at the Brazilian coast. The * 
marks within-site similarities. Bold values  represent significant differences between 
sampling sites.   
 (a) Flecheiras  Pirambú  Icapuí  Muriú  Cupe  P. Verde  S. Sebastião Ubatuba  
Seaweed 
Flecheiras  54.245*        
Pirambu  26.146 46.272*       
Icapuí  28.647 31.224 39.516*      
Muriú  41.765 40.149 32.091 74.648*     
Cupe  34.375 19.603 19.243 49.508 62.288*    
P. Verde  40.211 39.139 32.393 69.647 46.712 67.502*   
S. Sebastião  5.681 3.3835 0.49203 3.5445 2.8227 5.4554 61.761*  
Ubatuba  30.177 30.446 30.71 33.088 16.986 35.868 5.9413 48.977* 
         
Sediment 
(b)         
Flecheiras  42.641*        
Pirambu  10.931 24.86*       
Icapuí  15.312 3.3572 49.69*      
Muriú  9.3028 7.8986 7.4734 37.259*     
Cupe  16.276 7.6458 12.696 22.899 46.832*    
P. Verde  1.2743 5.3805 5.467 14.774 3.8163 33.271*   
S. Sebastião  2.8312 0.34097 1.0322 4.9555 4.8836 0.85756 8.8988*  
Ubatuba  13.184 4.8426 1.5517 3.895 9.8494 0.94195 11.101 72.518* 
 
Significant differences between locations for both substrates (seaweed and sediment) 
significantly fluctuated, and  S. Sebastião appears to be an outlier compared to all the 
other locations as observed in the ordination and in the pairwise similarity (table 5; Fig. 
6). When not taking S. Sebastiao into account, six non-significant results (p>0.05) 
between locations were observed for seaweed whereas only one comparison was not 
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significant for sediment (Flecheiras (CE) vs Pirambu (CE), p= 0.055). Replicate 
sediment samples of S. Sebastiao showed very low similarities (8.89%) and all 
pairwise comparisons involving this location were not significant (Table 5). The most 
abundant genera in all locations varied considerably for sediment, while for seaweeds 
Chromadora was dominant in almost all locations it occurred representing between 
26% to 41% of the relative abundances (Table 4).  When comparing between 
substrates, epiphytic nematode assemblages showed higher average similarities 
compared to the interstitial ones (SIMPER, group average similarity: seaweed= 56.46 
– sediment= 39.25; Fig. 6; Table 5).  
 
3.3.2. density, S genera and  H’ of seaweed and sediment along the latitudinal 
gradient 
No significant correlation (Spearman) between density, S genera, or H’ and the latitudinal 
values were observed for none of the substrates (Sargassum, Gracilaria and 
sediment).  
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Table 7: ANOVA pairwise comparison of the nematode community in the sediment of the eight studied locations along the Brazilian 
coastline. Table A shows the p-values of nematode density (bottom left) and S genera (S; top right), and B the p-values of the 
Shannon–Wiener index (H’). Significant values are highlighted in bold. 
 108 
 
3.4. Discussion 
3.4.1. Nematode assemblages from seaweeds appear to be distinct from those 
of the surrounding sediment 
Our data demonstrate that nematode assemblages in the sediment differ significantly 
from those on seaweeds. The genera Chromadora and Euchromadora, both epistrate 
feeders, reached higher relative abundances on seaweeds when compared to 
sediment (Table 4), in agreement with previous papers (Kito 1982, Da Rocha et al. 
2006, De Oliveira et al. 2016). They are also among the more abundant genera on 
hard substrata in coastal habitats (Fonseca-Genevois et al. 2006, Corrêa et al. 2014). 
The genus Chromadora was present in all locations except S. Sebastião (SP), and was 
the dominant genus in six locations, constituting up to more than 40% of the epiphytic 
nematode assemblages. A new species of the genus Paracanthonchus (see chapter 
4), which was also considered an epistrate feeder by Wieser (1953), was also 
abundant on macroalgae but was not recorded so far in the sediment. Not surprisingly, 
then, epistrate feeders were the most abundant feeding type on seaweeds (often more 
abundant than the sum of the three remaining feeding types), whereas selective 
deposit feeders were the least abundant. The dominance of epistrate-feeders on 
seaweeds agrees with previous studies (Ólafsson et al. 1995, Da Rocha et al. 2006, 
Jaya et al. 2012a). This dominance is possibly caused by the growth of diatoms and 
cyanobacteria biofilms on the surface of the seaweeds. Nematodes specialized for 
grazing this biofilm tend to reach high abundances as a consequence of food 
availability (Da Rocha et al. 2006). Those diatoms and cyanobacteria compete with the 
seaweed for light and nutrients (Van Donk 1998, Ghobrial et al. 2007), and it has been 
observed that ‘micrograzers’ can have a positive, neutral or negative effect on the 
seaweed productivity depending on the species (Brawley and Adey 1981, Norton and 
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Benson 1983, D'Antonio 1985, Duffy 1990). However, currently, it is unclear whether 
grazing by epiphytic nematodes can have any significant effect on seaweed primary 
productivity. In our study, the most abundant epistrate-feeders on seaweeds were 
chromadorids, which have been recorded to actively emerge from sediment into the 
water column and swim towards submerged macrophyts (Jensen 1981). Such 
behaviour has been atributed to phyto-chemical signaling which atracted the nematode 
Chromadorita tenuis (typically epiphytic) towards the macroalgae Cladophora 
glomerata. Well developed caudal glands allow nematodes (not necessarely epistrate-
feeders) to better attach to surfaces such as artificial hard substrate (da Fonsêca-
Genevois et al. 2006), as observed for the genus Oncholaimus, also found in sediment. 
Sediment nematode assemblages varied considerably and did not show a dominance 
of a specific genus across locations. Overall, Xyalidae was the most abundant family 
as expected for sandy beaches (Gheskiere et al. 2005).  In southern locations (S. 
Sebastião (SP) and Ubatuba (SC)) Theristus, Omicronema and Trichotheristus 
reached high densities, and are typically found in  subtropical and temperate areas 
(Wieser and Hopper 1967, Nicholas and Hodda 1999, Gheskiere et al. 2005, Lee and 
Riveros 2012), whereas  in northern locations (tropical), Theristus was one of the least 
abundant and Omicronema and Trichotheristus were absent. The heterogeneity 
observed in the nematode assemblages in sediment may reflect differences in 
granulometry. Oncholaimellus was one of the three most abundant nematode genera 
in Icapuí (CE), which was granulometrically characterized by very fine to fine sand. 
This result agrees with (Maria et al. 2012) who studied a fine-sandy beach at the 
Belgian coast. Fine to medium sands are usually dominated by nematodes from the 
family Xyalidae (Gourbault and Warwick 1994, Nicholas and Hodda 1999, Gheskiere 
et al. 2004, Hourston et al. 2005, Moreno et al. 2006, Mundo-Ocampo et al. 2007). 
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Fine to medium sands were present in three beaches in our study, Flecheiras (CE), 
Muriú (RN) and Ubatuba (SC). The family Xyalidae was dominant in two of those 
beaches, represented by the genera Pseudosteineria and Paramonhystera in 
Flecheiras (CE), Trichotheristus, Theristus and Omicronema in Ubatuba (SC), but not 
for Muriú (RN), dominated by the genus Spirinia (Desmodoridae). 
Heterogeneity in sediment nematode assemblages could be further explained by a 
more diverse food source availability than compared to the food source on seaweeds, 
particularly due to the accumulation of detrital  matter from the seaweeds (Cebrian 
1999) and from allochthonous  inputs  of  organic  matter (Dell'Anno et al. 2002, 
Valentine and Duffy 2007). This may explain the more scattered distribution of the 
sediment samples in the PCO plot compared to the seaweed samples (Fig. 4). As a 
logical consequence of the prominence of Xyalidae, the feeding type 1B was the most 
abundant in sediments, followed by 2A (see also de Jesús-Navarrete and Herrera-
Gómez (2002).  
Differences between substrates were further substantiated by the number of genera 
that exclusively occurred on seaweeds, which varied between 19% (Icapuí (CE)) to 
64% (Ubatuba (SC)) depending on the location. This suggests that epiphytic nematode 
assemblages are not simply a subset of sediment assemblages, implying that a 
complete recovery of seaweed assemblages, with their epiphytic invertebrates, after 
disturbance would require the presence of nearby ‘unaffected’ macroalgal habitats.  
In such a scenario, other seaweed beds would be the most plausible ‘reservoir’ of 
nematodes for the recolonization of other, disturbed seaweed habitats. Rafting on 
drifting algae is a commonly known dispersal mechanism in epiphytic organisms (Thiel 
and Haye 2006) and has been suggested for nematodes too (Derycke et al. 2008, 
2013). Alternatively, re-colonization could happen from nematodes which are passively 
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transported in the water column. However, nematode taxa found in the water column 
more commonly reflect the sediment assemblages (Bell and Sherman 1980, Commito 
and Tita 2002). We found that some genera that were exclusive for a certain substrate 
in one location, were present in both substrates in another location; this was, for 
instance, the case for Chromadora and Acanthonchus. We could be either dealing with 
different species of the same genus, or if they do belong to the same species, it could 
reflect temporary migration of nematodes to the sediment as a strategy to avoid 
adverse conditions in the algal habitat (Jensen 1984a). In total we found that 26 out of 
116 genera were exclusively found on seaweeds. However, a considerably more 
extensive sampling of different sediments, and identification of nematodes to species 
level, are required to confirm or discard the idea that a substantial portion of seaweed-
associated nematodes are confined to seaweed habitats. Nevertheless, our data 
showed that some genera appear to prefer one substrate over the other and some may 
only occur in a particular substrate (e.g. Paracanthonchus gynodiporata sp. n. chapter 
4).  
Differences in seaweed morphology may also provide more favorable conditions for 
certain nematodes to colonize and dominate (Warwick 1977). In our work, despite the 
differences in seaweed morphology between Sargassum (brown seaweed, usually one 
longer main straight thallus, branched, with clear leaf-like structure; Agardh, 1820) and 
Gracilaria (red seaweed, thalli cylindrical to flattened, holdfast giving rise to one to 
many erect axes; Iyer et al., 2004), we observed no significant difference in nematode 
assemblage structure at genus level, in line with similar observations for other seaweed 
species (Da Rocha et al. 2006, Pérez-García et al. 2015).  
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3.4.2. Nematode assemblages from seaweeds are more similar than nematode 
assemblages from sediment 
Our results indicated an overall higher average similarity between seaweed samples 
(56%) compared to sediment (39%) as observed in the PCO plot (Fig.5). We have 
found higher within-site variability for sediment nematode assemblages in 6 out of 8 
locations, which exhibited a higher patchiness compared to the epiphytic ones. This 
result suggests that ecological pressure acting on nematode assemblages from the 
two habitats is different. Alternatively, sediments may provide a more heterogeneous 
habitat, e.g. higher food patchiness (Lee et al. 1977), higher interstitial space variation 
due to different grain sizes and shapes (Conrad 1976) and higher variation in oxygen 
levels (Jogensen and Revsbech 1985), compared to the epiphytic habitat, leading to a 
more homogeneous nematode assemblages in the latter. The between-site variability 
was also higher in sediment nematode assemblages, showing a higher beta-diversity 
in the interstitial habitat compared to the epiphytic. The higher similarity between 
epiphytic nematode assemblages compared to the ones in sediment, becomes more 
evident when looking at differences in nematode density, Sgenera, and H’ between 
locations. For instance 44% of all pairwise comparisons between locations (the 
proportion of significant results in relation to the total number of comparisons), 
excluding assemblage structure, were significantly different for sediment, while only 
17% of all pairwise comparisons were significantly different for seaweeds (sum of the 
results for Sargassum and Gracilaria combined). Moreover, excluding the location of 
S. Sebastião, which appears to be an outlier, there were more significant differences 
between locations in sediment than for epiphytic nematode assemblage structure 
(p<0.05 97% and 79% of the pairwise comparison for sediment and seaweed 
respectively). 
 113 
 
Gracilaria is an economically important seaweed, and the three locations where the 
genus occurred have undergone historical seaweed harvesting. However the level of 
this activity was different between locations. For instance, in the 1980’s, while in 
Flecheiras (CE) up to 17 tons of seaweed per month were harvested (Rocha 2013), as 
much as 45 tons were culled per week in Icapuí (CE) (de Paula et al. 2015). Indeed, 
even at present, Icapuí (CE) is known for an extremely high level of seaweed bed 
degradation due to historical seaweed harvesting (Costa et al. 2011). Interestingly, 
Icapuí (CE) had significantly lower density, Sgenera and H’ compared to the other two 
locations with Gracilaria. No significant differences in density, S genera or H’ between 
the two other locations (Flecheiras-CE and Muriú-RN) were observed. In fact, even 
when comparing nematode assemblages from locations irrespective of the identity of 
the seaweed species (Gracilaria vs Sargassum), hardly any significant differences 
(with the exception of H’) between locations were found when Icapuí(CE) was left out 
of the analysis. This suggests that the intensity of historical seaweed harvesting had a 
strong effect on nematode assemblage structure and composition. There is no 
evidence that seaweed exploitation in this particular location had any effect on 
nematode assemblages in sediment, as density and biodiversity (S genera and H’) 
showed no clear pattern. 
Interestingly, nematodes colonizing artificial hard substrate resemble those found on 
seaweeds  (Fonseca-Genevois et al. 2006), and a number of genera present on 
aluminum plates were absent in the sediment (12 genera out of 19). This was 
unexpected considering that the study premise was that upwelling currents, would 
suspend and transport sediment nematodes (passive dispersal, Palmer 1988), which 
in turn, would colonize the aluminum plates. Although sediment nematodes were 
present in the water column, the nematode assemblages on Sargassum furcatum, a 
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common seaweed in the studied region, clearly were more efficient in colonizing the 
aluminum plates. It suggests a colonization capacity of epiphytic nematodes compared 
to the interstitial ones.  
The higher patchiness of interstitial nematode assemblages may indicate, but not only 
(e.g. granulometry. see next section), that nematodes typically found in sediment may 
be more isolated and have a more limited dispersal capacity compared to nematodes 
associated with seaweeds. Although benthic nematodes can become suspended and 
disperse in the water column (Palmer 1988, Boeckner et al. 2009, Thomas and Lana 
2011), nematodes are generally considered bad swimmers and are unlikely to remain 
suspended for much longer than 2 hours which limits the distance over which benthic 
nematodes can disperse (Ullberg and Ólafsson 2003).  Moreover, although even very 
weak currents can suspend the nematodes in the water column (Boeckner et al. 2009), 
many sediment nematode species try to avoid being suspended by migrating 
downwards in the sediment (Steyaert et al. 2001, Sedlacek and Thistle 2006). 
Nevertheless, several studies have found nematode species composition in water 
samples to be very similar to that of the bottom sediment (Bell and Sherman 1980, 
Commito and Tita 2002, Boeckner et al. 2009).  
 
3.4.3. No clear latitudinal patterns for the nematode assemblages from seaweeds 
or sediments  
Latitudinal patterns of nematode assemblages in intertidal zone along the Pacific coast 
of South America have shown to be strongly correlated with water temperature (Lee 
and Riveros 2012). However, no direct correlation between the latitude and nematode 
densities and biodiversity (S genera and H’) were observed in current study for both 
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substrates in shallow water subtidal zone. For marine shallow-water ecosystems, 
studies have not found clear latitudinal meiofauna patterns for sedimentary nematodes 
(Kotwicki et al. 2005, Gobin and Warwick 2006) which is in agreement with our results 
for both substrates (seaweed and sediment). However, our result might not be 
representative for the whole Brazilian coast considering the gap between northern and 
southern sampling locations and the full extension of the coastline (more than 7000 
km). Additionally, looking at geographical distances may also provide relevant 
information than latitudinal gradients only.  
 It is argued that latitudinal patterns in abundance appear to vary depending on the 
type of environment, where nematodes tend to reach high abundances at low latitude 
in coastal areas (Kotwicki et al. 2005) and higher abundances at higher latitudes in the 
deep sea. This appears to be correlated with the productivity (Lambshead et al. 2000). 
Because of the upwelling phenomenon in the two southernmost beaches (S. Sebastião 
(SP) and Ubatuba (SC) – Pereira et al. 2009, Coelho-Souza et al. 2012), we expected 
nematode assemblages to show significantly higher abundances there than  compared 
to the northeastern ones. However, we did not observe higher abundances in the SE-
S for either substrate.  
One local factor that could explain biodiversity of interstitial nematode in current study 
is grain size. Granulometry profiles varied across locations. As grain size is one 
important factor shaping nematode assemblages in sediment (Steyaert et al. 2003), 
this variation may explain the observed differences. However, we could not test it since 
we did not obtain granulometric data ourselves. Generally, we found higher biodiversity 
in beaches with coarse sand and gravel as observed in P. Verde (AL) and especially 
for Cupe (PE) where the sediment has high content of bioclasts such as fragments of 
the seaweed Halimeda (Dominguez et al. 1990). A positive correlation with grain size 
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has been already reported in coastal areas (Steyaert et al. 1999, Maria et al. 2013). 
The only exception to this was Pirambú (CE) (fine to coarse sand), which exhibited 
significantly lower biodiversity compared to most other locations. This was the only 
beach located in an urban area within a large capital in the Brazilian NE (Fortaleza). 
There, other factors, such as domestic sewage (Pereira et al. 2009b), may play a more 
important role than granulometry. 
  
3.5. Conclusion 
Our results show that nematode assemblages of seaweeds and sediment are distinct, 
with few genera representing almost half of the relative abundances in the seaweed. 
Moreover it suggests that because epiphytic nematodes are not simply a subset of the 
interstitial assemblages, the latter may not completely restore the nematode diversity 
of the macroalgal habitat. At a large scale (thousands of km), nematode sediment 
assemblages were more heterogeneous compared to those on seaweeds. There was 
no clear latitudinal pattern of density or diversity. This observation corroborates with 
the idea that local factors may play a more relevant role on shaping the assemblages 
of small-size metazoans, such as nematodes, that lack planktonic larvae. Finally, 
further studies in the same and other locations along the Brazilian coast are necessary 
to increase coastal area coverage, and improve our knowledge in this macro-puzzle 
that is nematode biodiversity in shallow water habitats. 
  
 
 
 
 
 
 
 
 
 
 
Chapter 4: Low genetic but high morphological variation 
over more than 1000 km coastline refutes omnipresence 
of cryptic diversity in marine nematodes 
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Abstract  
Seaweed beds form a dynamic shallow water ecosystem influenced by climate change 
and human exploitation. The resilience of ecosystems to negative impacts is generally 
higher when high gene flow, species diversity and genetic diversity are present. We 
studied the population genetic structure of the new nematode species 
Paracanthonchus gynodiporata associated with seaweeds in northeastern Brazil. 
Nematodes are generally believed to have a limited dispersal capacity because of the 
lack of planktonic larvae. Yet, they can drift on seaweeds, and water currents might be 
a natural barrier for their dispersal. Populations of P. gynodiporata were sampled over 
more than 1000 km coastline in regions across major oceanic currents with and without 
historical exploitation of seaweed. P. gynodiporata  is described in an integrative way 
using mitochondrial and nuclear sequences and morphological data. The 3D model of 
the head region shows for the first time a detailed view of the ventrosublateral teeth, a 
character often overlooked in older taxonomic studies of the genus. A total of 17 
mitochondrial COI haplotypes were found with one haplotype representing 63% to 83% 
of the frequencies in each population. AMOVA showed overall little population genetic 
structure (FST= 0.05204), and no genetic subdivision between the populations under 
the influence of the two different water currents were found. Effects of historical 
seaweed exploitation on population genetic diversity were not detected. In contrast, 
significant differences between populations were found in morphometric characters. 
This discrepancy in genetic and morphological differentiation between populations 
across 1000 km of coastline is surprising in view of the frequently observed presence 
of several cryptic species at small geographical scale in other macroalgal associated 
nematodes.  
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Our results show that cryptic species are not omnipresent in marine nematode species, 
suggesting that nematodes associated with seaweeds have been able to disperse over 
large distances across well-known biogeographic barriers.  
Keywords: COI - connectivity -  morphometry - population genetics
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4.1. Introduction 
Morphologically similar but genetically distinct species, i.e. cryptic species, are 
prevalent in many taxonomic groups (Pfenninger and Schwenk 2007) and have been 
reported from marine environments since decades (Knowlton 1993). Cryptic species 
are invoked when genetic variation within species exceeds that typically found between 
morphologically well-known species. Genetic differentiation between populations 
within a species depends on selection, genetic drift and gene flow (Hartl 1988). 
Selection favors individuals that are better adapted to the environmental conditions at 
play and can increase or decrease genetic differentiation between populations through 
disruptive or balancing selection, respectively. Genetic drift is the random loss of alleles 
(Knowlton 1993), and leads to an increase in genetic differentiation between 
populations. Finally, gene flow homogenizes allele frequencies between populations 
through dispersal of individuals and reduces differentiation between populations.  
Many marine organisms were initially thought to have high dispersal capacity because 
of the passive dispersal potential via currents and the perceived ‘homogeneity’ of 
marine habitats over extensive spatial scales (Kinlan and Gaines 2003). However, 
population genetic structuring among marine populations can be surprisingly high 
(Hohenlohe 2004, Jones et al. 2005), even in organisms with a planktonic larval stage 
(Cowen et al. 2000). Organisms which lack planktonic larvae, such as free-living 
marine nematodes, have a population structuring which strongly varies depending on 
the species, distance and the environmental conditions (Derycke et al. 2013). 
Dispersal can be substantial on fairly small geographical scales (≤ 100 km), leading to 
rapid colonization and moderate to little population-genetic structuring (Derycke et al. 
2005, Derycke et al. 2007c). Nematodes that occur on seaweeds can use the seaweed 
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drifting mechanism for their dispersal (Thiel and Gutow 2005), and this may even occur 
over oceanic scales (Derycke et al. 2008b). Yet, such long-distance dispersal in marine 
nematodes is thought to be rare, and substantial cryptic diversity has been observed 
in marine nematodes associated with macroalgae (Derycke et al. 2005, Derycke et al. 
2007a, Derycke et al. 2010a). 
Dispersal of marine organisms can be hampered by biogeographic barriers which may 
result in genetic breaks within species (Hohenlohe 2004).  Well known examples are 
the Gulf of Mexico and the Atlantic coast in Florida (for instance for the black sea bass 
(Roy et al. 2012)), the Indo-Pacific barrier (for instance for populations of the fish 
Lutjanus fulvus (Gaither et al. 2010)), and Point Conception in California (for instance 
for shark (Chabot et al. 2015)). Along the northern Brazilian coast, known 
biogeographical barriers are the Amazon-Orinoco Plume and the North Brazilian 
current which prevent some Caribbean species from dispersing to Brazil (Luiz et al. 
2013, da Silva et al. 2015). In addition, the split of the South Equatorial current (SEC) 
in the northeastern coast of Brazil (Santos et al. 2006) forms two different currents: the 
above mentioned north Brazil current towards the north and the Brazil Current towards 
the south. The importance of the latter current as a barrier for dispersal between 
populations of marine species associated with seaweeds has yet to be clarified. 
Seaweed beds can cover areas of thousands of square kilometers (Takao et al. 2015) 
but are often discontinuous along the coastline (Metri 2006, Rocha 2013). Although 
seaweed beds may be hundreds of kilometers apart, such distances may not represent 
a strong barrier to dispersal of seaweeds (Tom Dieck and De Oliveira 1993) and of 
associated fauna which can drift/raft along with seaweeds (Thiel and Gutow 2005, 
Arroyo et al. 2006). In addition, harvesting  of seaweed beds creates a highly dynamic 
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environment (Rocha 2013) where recolonization, founder effects and genetic 
bottlenecks can affect allele frequencies of the associated fauna (Derycke et al. 
2007c), which may lead to reduced genetic diversity when compared to areas where 
no exploitation took place.  
One of the most abundant and widespread nematode genera on seaweeds along the 
NE Brazilian coast is Paracanthonchus Mikoletzky (1924; Paracanthonchinae, 
Cyatholaimidae) (Venekey et al. 2008, De Oliveira et al. 2016). The validity of a number 
of species within this genus has been debated because of the poor representation of 
structures in the buccal cavity, among others (Miljutina and Miljutin 2015). Here, we 
describe the new species Paracanthonchus gynodiporata sp. n. which has hitherto only 
been found associated with seaweeds, in an integrative way based on a large number 
of specimens (38) from four different populations spanning a wide geographical 
distribution (> 1000 km). Mitochondrial (COI) and nuclear (18S and the D2/D3 fragment 
of the 28S rDNA) sequences were obtained and morphometric variation across 
populations was addressed to capture morphological variation. In addition, a 3D 
reconstruction of the mouth structure, one of the most important diagnostic characters 
within the genus, was made. Second, genetic structure and diversity of this new 
species were investigated using mitochondrial COI sequences of nematodes occurring 
on seaweed beds separated by the north Brazil and Brazil current (Santos et al. 2006). 
In view of the large genetic structure observed in coastal nematodes from the Atlantic 
at distances >100 km (Derycke et al. 2013), we expected to find distinct genetic breaks 
among the Brazilian beaches and across the northeastern split of the south equatorial 
current. Third, we also investigated the effect of seaweed harvesting on population 
genetic diversity by comparing samples from two locations with and without historical 
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seaweed harvesting. We expected to find lower genetic diversity in the algal beds that 
had been disturbed by harvesting because the latter will lead to population bottlenecks. 
 
4.2. Material and Methods 
4.2.1. Field sampling and collection of nematodes 
Five seaweed samples of the genera Sargassum C. Agardh, 1820 and Gracilaria 
Greville, 1830 and five sediment samples were collected from natural seaweed beds 
on each of four beaches along the northeastern coast of Brazil, spread over a distance 
of about 1040km (Fig. 1). All sampling sites were within the Northeastern Brazil 
ecoregion and sampling took place during the rainy season between April and July. 
The nematode community associated with both seaweeds is very similar in the 
northeastern coast of Brazil (Da Rocha et al. 2006, De Oliveira et al. 2016). The two 
northernmost beaches are located in Flecheiras (CE) and Muriú (RN), both sampled 
in 2013, and are under the influence of the north Brazil Current. In those locations, 
seaweeds from the natural bed, mostly Gracilaria, were continuously harvested for 
about 30 years (historical harvesting), followed by a period of 11 years with no 
harvesting. Currently, in both locations the natural seaweed beds are no longer 
harvested. However, in Flecheiras (CE), seaweed cultivation outside the natural 
seaweed bed started in 2003 in an area smaller than the natural bed, and is still 
ongoing. The cultivation technique consists of floating ropes of about 25 m long to 
which the seaweeds are attached. The two southern beaches, Cupe (PE) (sampled in 
2011 and 2012) and Ponta Verde (AL) (sampled in 2012), are under the influence of 
the Brazil current and algal beds are dominated by Sargassum. No historical or 
contemporal harvesting or seaweed cultivation has taken place in these southern 
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locations. Distance between sampled seaweed beds ranged from about 167 to 1045 
km (Fig 1), and each seaweed bed had a total area ranging from ca 0.3 to 4.54 km² 
(Table 1). Sampling was performed during low tide in the subtidal zone. Only seaweeds 
attached to the substrate were collected by cutting the base of the holdfast with a knife, 
put in plastic recipients and fixed with DESS (Yoder et al. 2006). Five samples 
containing an entire seaweed plant were collected ca 50 m apart from each other per 
beach (Gracilaria: Flecheiras and Muriú - Sargassum: Cupe and P. Verde). Five 
samples of the top 5 cm of the adjacent bottom sediment were collected using a plastic 
cylinder with inner diameter of 3.6 cm that was vertically pushed into the sediment. 
Three seaweed samples and three sediment samples were used for characterization 
of the nematode community (Apolônio Silva De Oliveira 2016), and two were used to 
collect nematode specimens for the population genetic study. The seaweed samples 
were washed under a continuous stream of filtered freshwater over a pair of sieves 
with mesh sizes of 500 and 44 micrometers. 
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Table1: Coordinates of the studied locations with the approximate total area of the seaweed bed in km² between brackets, historical 
background concerning exploitation of the natural seaweed bed and the average relative abundance of P. gynodiporata sp. n.  in the 
respective locations. Haplotype occurrence  per beach and h (haplotype diversity), π (nucleotide diversity), Tajima’s D and Fu’s Fs 
neutrality test values with the corresponding p-values between brackets of the studied populations at the northeastern Brazilian coast. 
Abbreviation:  Rel. Abund. (relative abundance). 
Beach Coordinate Seaweed 
Historical 
background 
P. 
gynodiporata 
sp. n.  Rel. 
Abund. 
nº haplotype Year n h π D Fs 
Flecheiras(CE) 
(1.49km²) 
3°13'08''S 
39°16'18''W 
Gracilaria Exploited 15.56 ±6.39 
5 (F1, F2, C7, C8, 
PV2) 
2013 27 0.5783 ±0.0961 0.0034 ± 0.0024 
-0.3561 
(0.3920) 
0.0766 
(0.5110) 
Muriú(RN) 
(1.86km²) 
5°33'43''S 
35°14'21''W 
Gracilaria Exploited 26.73 ±8.31 4 (M1, M2, M3, C8) 2013 24 0.3080 ±0.1180 0.0008 ± 0.0009 
-1.4943 
(0.0430) 
-2.3829 
(0.0030) 
Cupe(PE) 
(0.30km²) 
8°27'29''S 
34°58'58''W 
Sargassum Not exploited 37.73 ±7.16 
6 (M2, C2, C5, C7, C8, 
C9) - (C3, C4, C6, C7, 
C8, C10) 
2011-
2012 
33 - 25 
 0.3667 ±0.122 - 
0.3807 ±0.1058 
0.0012 ± 0.0012- 
0.0011 ± 0.0011 
-2.0875 
(0.0040) 
-1.6480 
(0.0160) 
-4.3714 
(0.0000) 
-4.0239 
(0.0000) 
P. Verde(AL) 
(4.54km²) 
9°39'55''S 
35°41'54''W 
Sargassum Not exploited 22.95 ±2.47 
5 (PV1, PV2, PV3, C4, 
C8) 
2012 20 0.3684 ± 0.1351 0.0019 ± 0.0016 
-1.9723 
(0.0130) 
-1.7287 
(0.0590) 
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Figure 1. Location of the four sampling sites (indicated by numbers) in the northeastern 
region of Brazil. The direction of the two main water currents (North Brazil current and 
the Brazil current) is indicated with arrows. The haplotype networks of P. gynodiporata 
sp. n. in each of the four studied beaches are in boxes with colors corresponding to 
the sampling sites indicated by the numbers in the map: 1. Flecheiras - Ceará State 
(CE); 2. Muriú - Rio Grande do Norte State (RN); 3. Cupe - Pernambuco State (PE); 
4. Ponta Verde - Alagoas State (AL). Haplotypes are indicated by letters 
(corresponding to the first letter(s) of the name of the sampling site) followed by 
numbers (corresponding to the order in which haplotypes were detected in this study) 
and the size of the circles correspond to the haplotype frequency. 
 
4.2.2. Species selection 
The new species Paracanthonchus gynodiporata sp. n. was one of the most abundant 
species on the seaweed samples from the four locations. This new species was 
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systematically absent from all the sediment samples from all four locations in the 
current study and also in four other locations (Pirambu-CE; Icapuí-CE; São Sebastião-
SP; Ubatuba-SC) along the Brazilian coast (Apolônio Silva De Oliveira 2016), and was 
selected for population genetic and phenotypic analyses.  
 
4.2.3. DNA extraction, PCR and sequencing of COI, 18S and D2D3 sequences 
Because of the very high number of juveniles at different developmental stages and 
the paucity of adults in the four populations, we were unable to use the same 
individuals for morphometry and molecular analyses. Instead, individuals of a mix of 
adults (males and females) and juveniles of P. gynodiporata sp. n. from two out of five 
seaweed samples per beach were taken for molecular processing. No other 
Paracanthonchus species was recorded in our samples. Each individual was stored in 
0.5 mL centrifuge tubes with 25 µL Worm Lysis Buffer (50 mM KCl, 10 mM Tris–HCl 
pH 8.3, 2.5 mM MgCl2, 0.45% NP40, 0.45% Tween 20) and stored at -20 °C until DNA 
extraction. The samples were digested for 1 h at 65 °C and for 10 min at 95 °C with 1 
µL of Proteinase K (10 mg mL-1). Tubes were centrifuged at maximum speed (21 000 
g) for 1 min and stored at -20 °C. DNA was subjected to PCR to amplify a 396 bp 
fragment of the cytochrome oxidase c subunit I (COI) gene with the primers JB3 (5’-
TTTTTTGGGCATCCTGAGGTTTAT-3’) and JB5 (5’-
GCACCTAAACTTAAAACATAATGAAAATG-3’) (Derycke et al. 2005). PCR was 
performed in 25 µL reaction mixtures and contained: 0.125 µL TOPTAQ polymerase 
(Qiagen), 2.5 µL of 10 X PCR buffer with 15 mM MgCl2, 2.5 µL PCR coral load 
concentrate, 2 µL MgCl2 25 mM, 0.5 µL deoxynucleotide triphosphate (10 mM), 0.125 
µL of each primer (25 µM), 1 µL DNA and 16.125 µL sterile distilled water. For COI, 
the thermocycling conditions were: 94 °C for 5 min; 35 cycles of 94 °C for 30 s, 50 °C 
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for 30 s and 72 °C for 30 s, plus a final extension step at 72 °C for 10 min. The D2D3 
region of the large subunit of the nuclear ribosomal DNA was amplified with the primers 
D2A (5′-ACAAGTACCGTGAGGGAAAGTTG-3′) and D3B (5′-
TCCTCGGAAGGAACCAGCTACTA-3′) (Derycke et al. 2010a) with amplification 
starting with a denaturation at 94 °C for 5 min, followed by 40 cycles of denaturation at 
94 °C for 30 s, annealing at 58 °C for 30 s and extension at 72 °C for 60 s, and a final 
extension period of 10 min at 72 °C. The large ribosomal subunit region was amplified 
using the primers G18S4 (5’-GCTTGTCTCAAAGATTAAGCC-3’) and 4R (5’-
GCTTGTCTCAAAGATTAAGCC-3’) with thermocycling conditions of (Derycke et al. 
2010a). The sequencing reaction was performed with BigDye Terminator v. 3.1 Mix 
(PE Applied Biosystems) and under the following conditions: an initial denaturation of 
2 min at 98 °C was followed by 40 cycles of denaturation at 98 °C for 10 s, annealing 
at 50 °C for 5 s, and extension at 60 °C for 60 s. The bidirectional sequences can be 
found under GenBank accession numbers KX352221 - KX352239. Haplotypes were 
named after the place where they occurred using the first letter(s) followed by a number 
which corresponds to the order in which haplotypes were recorded (e.g. Flecheiras 
(CE) first found haplotype = F1; Ponta Verde-CE second found haplotype = PV2). 
 
4.2.4. Species description, morphometry and 3D reconstruction of the head 
region  
 Digital pictures of eight males and twelve females of P. gynodiporata sp. n. from the 
type location Cupe (PE) mounted in permanent slides were taken at different 
magnifications using a light microscope (Leica DAS microscope type R) with 
differential interference contrast (DIC), and equipped with a Leica DFC420 camera. 
The entire habitus and selected body regions (head, mid-body, and tail) with important 
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taxonomic structures were photographed and measured using Leica Application Suite 
v. 3.4.1. Slides were deposited in the Royal Belgian Institute of Natural Sciences under 
the numbers RIT848 (holotype), RIT849 and RIT850 (Paratypes) and in the Zoology 
Museum at the Faculty of Sciences, Ghent University, under the numbers UGMD 
104316. In addition to the type specimens, four, six and four males from Flecheiras 
(CE), Muriú (RN) and P. Verde (AL), respectively, were measured and 15 somatic and 
6 sexual characters were used to investigate morphometric variability. Within the 
genus Paracanthonchus, there is substantial variation in stoma structure (armature) 
according to previous descriptions, varying from a single hollow dorsal tooth to one 
hollow dorsal tooth and two pairs of small ventrosublateral teeth combined or not with 
three cuticular ridges (Miljutina and Miljutin 2015). The stoma structure with feeding 
apparatus is an important character to differentiate congeneric species, though not 
always easy to interpret. To this end, a head section of one male individual of P. 
gynodiporata sp. n.  from the type location Cupe (PE) from 2012 was mounted in a 
glycerol-gelatin mixture (60 g distilled water, 10 g gelatin, 70 g glycerol, and 1.4 g 
phenol) and observed under a light microscope. In total, 52 pictures at different optical 
sections of the head were taken. The pictures were used for constructing the 3D model 
in the software AMIRA 3.1.1. (TGS Software, San Diego, California, USA). 
  
4.2.5. Data analyses 
Population genetic structure: The sequence chromatograms from the three markers 
COI, D2D3, and 18S were investigated with DNASTAR LASERGENE SeqMan v. 
7.1.0. Sequences from the three markers were separately aligned by ClustalW. COI 
sequences were translated to amino acid sequences before the alignment to ensure 
that no stop codons would be present. P-distances and the number of variable sites 
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were calculated using the software MEGA 6 (Tamura et al. 2013). Genetic diversity 
within sampling sites was investigated by calculating nucleotide diversity (π) and 
haplotype diversity (h) according to (Nei 1979, Nei 1987, Excoffier and Lischer 2010). 
Lower genetic diversity was expected in sampling sites where seaweed was harvested 
because smaller population sizes lead to increased genetic drift. Population genetic 
structure was assessed by Analysis of MOlecular VAriance (AMOVA), using the 
frequencies of the COI haplotypes to calculate overall and pairwise FST (Tamura and 
Nei 1993). The level of population genetic structure followed Wright’s division (Wright 
1978): little (0.0-0.05), moderate (0.05-0.15), large (0.15-0.25) and very large (above 
0.25) genetic differentiation. To investigate whether sequence evolution followed a 
neutral model, Tajima’s D and Fu’s Fs neutrality tests were performed. When both tests 
were significantly different from zero, a mismatch analysis was performed by 
comparing the frequency distribution of the pairwise sequence differences with the 
expected distribution based on the sudden expansion model to investigate whether the 
populations experienced an expansion (Rogers and Harpending 1992). This is 
particularly relevant to investigate effects of bottlenecks and population growth in the 
sampling sites that have been harvested in the past. To investigate whether the North 
Brazil and Brazil sea currents create a biogeographical barrier for P. gynodiporata sp. 
n., a hierarchical AMOVA was conducted by grouping Flecheiras (CE) and Muriú (RN) 
in a northern group under the North Brazil current and Cupe (PE) and P. Verde (AL) in 
a southern group under the Brazil current. The pairwise FST p-values were corrected 
based on the sequential Bonferroni method (Rice 1989). Additionally, we compared 
haplotype frequencies from 2011 and 2012 in Cupe (PE) to investigate temporal 
variation in population genetic structuring. All population genetic analyses were 
performed using the Arlequin 3.5.1.2 software (Excoffier and Lischer 2010). To 
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investigate evolutionary relationships and mutational differences between haplotypes, 
as well as the geographical distribution of haplotypes, a haplotype network was built 
based on the median joining algorithm implemented in NETWORK 4.6.1.4 (Bandelt et 
al. 1999) and edited with Microsoft PowerPoint software. 
Phenotypic variability: All morphometric data analyses were performed with the 
software PRIMER v. 6.1.6 (Clarke and Gorley 2006). In all four locations, a high 
dominance of juveniles and variable but low numbers of females and males were 
present. Variability in morphometric characters was assessed based on males present 
in the samples (Flecheiras: 4; Muriú: 6; Cupe: 8; P. Verde: 4). Only from one beach 
(Cupe) there was a suitable number of both sexes to analyze possible sexual 
dimorphism (12 females and 8 males). The characters used in the analysis were 
chosen based on what is used in the literature to differentiate congeneric species of 
the genus Paracanthonchus (Miljutina and Miljutin 2015) (Table 2). The somatic and 
sexual characters (copulatory apparatus and precloacal supplements) were analyzed 
separately (15 somatic and 6 sexual characters described in table 2). The dataset was 
normalized and a dissimilarity matrix based on Euclidean distance was constructed. 
No transformations were performed. Nonmetric multidimensional scaling (nMDS) and 
one-way PERMANOVA with fixed factor location were performed. In addition, a 
similarity of percentages (SIMPER) analysis was performed to detect which characters 
contributed most to the observed differences, if any, between the different populations. 
If significant differences were found, the highest ranked characters were compared 
among populations by performing a one-way ANOVA after verification of the 
assumptions (Kolmogorov-Smirnov normality test, Levene’s homogeneity test, XY 
mean and standard variation plot) to test whether the character alone is able to 
differentiate the populations or whether the differences were a result of a combination 
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of characters. Correlation between morphometric characters was investigated using 
STATISTICA v. 7  (Statsoft 2004). 
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Table 2: Somatic and sexual characters used for the morphometric analysis of Paracanthonchus gynodiporata sp. n.  from the four 
studied populations along the northeastern coast of Brazil. Morphometry of the holotype (holo) and paratypes of Paracanthonchus 
gynodiporata sp. n.  from Cupe-PE in the northeastern coast of Brazil. Abbreviations: L (body length); Ventr. pore dist. ant. end. 
(ventral pore distance from the anterior end); abd (body diameter at anus level); Amphid dist. ant. end (Amphid distance from the 
anterior end); cbd base pharynx (corresponding body diameter at the base of the pharynx); a (body length / body width); b (body 
length / pharynx length); c (body length / tail length). 
 
 
 
Flecheiras-CE 
 
 Muriú-RN 
 
 Cupe-PE 
 
 P. Verde-AL 
 
 Min Max Average Std  Min Max Average Std  Min Max Average Std  Min Max Average Std 
Somatic                    
L 860 952 905 42  779 1090 961 114  800 1119 1059 110  903 1248 1048 160 
Pharynx length 123 138 129 7  113 144 126 10  123 152 143 9  127 156 139 13 
Ventr. pore dist. 
ant. end 
20.9 29.8 24.3 3.9  21.9 24.0 23.0 0.8  21.0 31.1 27.8 3.1  23.8 28.3 26.5 2.0 
Tail length 103 128 114 11  106 132 124 10  114 133 124 6  111 131 120 9 
Abd 42.6 52.0 46.5 4.0  35.4 51.0 43.6 5.1  32.2 45.5 41.9 4.2  35.7 44.7 39.3 4.0 
Head diameter 21.5 22.6 22.0 0.5  21.4 33.1 27.1 4.0  21.8 25.8 24.0 1.4  21.3 23.0 22.1 0.8 
Cephalic Sensilla 
Length 
3.1 3.8 3.5 0.3  3.0 3.3 3.2 0.1  2.8 4.4 3.9 0.5  3.6 5.0 4.2 0.6 
Buccal width 7.9 10.4 9.7 1.2  7.1 7.9 7.6 0.3  7.5 10.9 9.2 1.2  7.8 8.7 8.4 0.5 
Buccal length 6.8 8.5 7.9 0.8  8.6 11.5 9.4 1.1  7.7 9.7 8.5 0.7  6.1 9.2 7.8 1.3 
Amphid. fovea 
length 
8.6 10.2 9.5 0.7  8.2 10.5 9.8 0.9  8.8 10.6 9.5 0.6  9.4 10.1 9.7 0.3 
Amphid. fovea 
width 
9.5 11.1 10.5 0.8  9.1 11.8 10.4 0.9  10.0 12.7 11.2 0.8  9.4 11.0 10.2 0.6 
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Amphid. dist. ant. 
end 
8.6 11.3 10.4 1.2  6.5 8.7 7.9 0.8  8.8 14.2 12.0 1.7  7.8 12.4 9.7 2.1 
Pharynx width base 19.6 26.3 24.0 3.1  20.5 26.7 23.2 2.6  18.3 24.6 20.8 1.9  18.3 21.1 19.7 1.3 
cbd base pharynx 41.6 47.5 45.3 2.6  40.0 51.5 47.0 4.4  36.0 46.6 42.2 3.0  35.7 41.8 38.9 2.6 
Body width 43.5 55.2 50.6 5.0  46.6 60.2 55.5 4.8  40.4 54.2 48.5 4.0  41.4 52.5 45.4 5.1 
a 
16.5 21.9 18.1 2.6 
 
15.3 19.7 17.3 1.7  19.8 23.4 21.8 1.2  21.8 24.3 23.0 1.2 
b 
6.2 7.6 7.0 0.6 
 
6.9 8.3 7.6 0.5  6.5 7.8 7.4 0.4  6.7 8.4 7.5 0.8 
c 
7.5 8.5 8.0 0.4 
 
7.0 8.3 7.7 0.6  7.0 9.5 8.6 0.8  8.1 9.5 8.7 0.7 
Sexual                    
Spicule length 33.7 34.4 34.0 0.3  35.3 42.8 37.8 3.6  35.6 45.6 40.6 3.5  37.9 41.7 39.3 1.6 
Gubernac. length 31.9 33.8 33.1 0.9  32.6 37.0 34.7 1.5  35.0 37.3 36.4 0.6  34.2 38.6 36.3 1.8 
Supplement length 
4 
20.2 23.1 21.2 1.3  18.5 25.7 23.2 2.6  21.7 30.8 27.2 3.0  22.5 27.6 24.4 2.3 
Supplement length 
3 
20.1 22.2 20.8 1.0  17.8 25.2 23.1 2.9  23.2 28.5 26.6 1.6  22.6 28.3 24.7 2.6 
Supplement length 
2 
20.1 20.9 20.5 0.3  14.3 25.0 21.7 3.9  20.2 29.1 25.9 2.7  22.4 26.2 24.3 1.7 
Supplement length 
1 
18.3 20.4 19.5 1.0  14.5 22.8 20.0 2.9  16.8 24.8 23.0 2.6  21.3 24.9 23.1 2.0 
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4.3. Results 
4.3.1. Population genetic structure 
In total, 27 (Flecheiras (CE)), 24 (Muriú (RN)), 25 (Cupe (PE 2011)), 33 (Cupe (PE 
2012)) and 20 (P. Verde (AL)) individuals from P. gynodiporata n. sp. yielded good COI 
sequences (396 bp sequences and alignment with 19 variable sites). The best blastn 
identity for all COI sequences was Paracanthonchus sp. (FN998914.1, identity 87% - 
88%, query cover 59%). In total, 17 COI haplotypes were found, with haplotype C8 
being the most abundant in all four locations (average 77% ± 8). Only four other 
haplotypes were shared between at least two beaches, while the remaining 12 
haplotypes were restricted to a single location and occurred at low frequencies (Fig. 1 
and 2). The p-distances ranged from 0.003 to 0.015 and number of differences ranged 
from 1 to 6 base pairs. The haplotype network further revealed a low number of 
mutations between haplotypes and a star-shaped pattern with no geographical 
clustering of haplotypes (Fig. 2). The AMOVA analysis revealed a little but statistically 
significant genetic structuring (FST= 0.05204; p= 0.00391). The pairwise analysis 
showed moderate separation between the populations of Flecheiras (CE) and Muriú 
(RN), and between Flecheiras (CE) and Cupe (PE) 2012 (Table 3). Within Cupe (PE), 
no significant temporal variation in haplotype composition was observed between 2011 
and 2012 (FST= 0.00091; p= 0.38739).  
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Figure 2. Overall haplotype network of P. gynodiporata n. sp from the four studied 
beaches. The size of the circles correspond to the haplotype frequency in the total 
dataset. Beaches are represented by different colors.  
 
Haplotype networks for each location showed the same pattern as the overall network, 
with one dominant haplotype and a low number of rare haplotypes with few mutations 
between them. Genetic diversity appeared to be higher in Flecheiras (CE) Beach (h= 
0.5783 ±  0.0961), where the seaweed bed was considered to be most impacted 
because of historical and ongoing seaweed exploitation; however, the standard 
deviation overlapped with those of the diversity estimates observed in the other 
locations except Muriú (RN) (Table 1). Tajima’s D and Fu’s Fs neutrality test statistics 
were negative and significantly different from zero for the beaches Muriú (RN)  and 
Cupe (PE - 2011 and 2012) (Table 1), and point to recent expansion or purifying 
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selection. The mismatch distribution analyses were unimodal and fitted the sudden 
expansion model, indicating that those populations experienced a recent sudden 
expansion (Fig. 3 Muriú – RN: SSD = 0.00801, p= 0.409, Raggedness = 0.23591, p= 
0.641; Cupe – PE, 2011 and 2012: SSD = 0.00007, p= 0.872, Raggedness = 0.17240, 
p= 0.745  and SSD = 0.00003, p= 0.95730, Raggedness = 0.15770, p= 0.563). A 
significant but little genetic structure was observed (FST= 0.05204; p= 0.00391 
±0.00185) between the northern group under the influence of the north Brazil current 
(Flecheiras (CE)) and Muriú (RN)) and the southern group under the influence of the 
Brazil current (Cupe (PE - 2011, 2012) and P. Verde (AL)), indicating that the split of 
the South Equatorial Current along the Brazilian coast imposes only a weak 
biogeographical barrier for the P. gynodiporata sp. n. populations.  The D2D3 (747 bp; 
sequences: 4 in Cupe (PE) and 17 in P. Verde (AL)) and 18S (914 bp; sequences: 8 
in Cupe (PE) and 19 in P. Verde (AL)) sequences were identical. The best blastn 
identity for D2D3 sequences was Paracanthonchus sp. (KX270432.1, identity 82%, 
query cover 100%) while for 18S it was Paracyatholaimus intermedius (AJ966495.1, 
identity 94%, query cover 98%).
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Table 3: Pairwise FST values between the four populations of P. gynodiporata sp. n. in 
Flecheiras (CE), Muriú (RN), Cupe (PE) and P. Verde (AL). Signifcant FST values after 
Bonferonni correction are indicated in bold. Negative values were converted to zero. 
 Flecheiras Muriú Cupe 11 Cupe 12 P. Verde 
Flecheiras      
Muriú 0.13125      
Cupe 11 0.10175  0     
Cupe 12 0.09177  0.02486  0.00091    
P. Verde 0.02502  0.020  0  0   
 
 
Figure 3. Mismatch distribution of the pairwise differences of the haplotypes occurring 
in Muriú (RN) 2013, Cupe (PE) 2011 and Cupe - PE 2012. Muriú - RN (SSD = 0.00801, 
p= 0.409; Raggedness = 0.23591, p= 0.641) and Cupe - PE, 2011 and 2012 (SSD = 
0.00007, p= 0.872; Raggedness = 0.17240, p= 0.745 - SSD = 0.00003, p= 0.95730; 
Raggedness = 0.15770, p= 0.563). 
 
4.3.2. Phenotypic variability 
Morphometric variation among males from different populations was significant 
(PERMANOVA: Pseudo-F= 4.7107; p< 0.001; Fig. 4). However, significant non-
overlapping measurements were restricted to three characters. Buccal cavity width 
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(one-way ANOVA: F= 5.657; p= 0.006), distance of the amphidial fovea from anterior 
end (one-way ANOVA: F= 8,5366; p< 0.001), and cephalic setae length (one-way 
ANOVA: F= 7,048; p= 0.002) were significantly different and non-overlapping between 
Flecheiras (CE) and Muriú (RN); Muriú (RN) and Cupe (PE); and Muriú (RN) and P. 
Verde (SIMPER and Tukey pairwise comparison). In contrast, specimens between 
Flecheiras (CE) and P. Verde (AL) and between Cupe (PE) and P. Verde (AL) did not 
differ significantly. With respect to sexual characters, substantial variability was 
observed in the precloacal supplement length (PERMANOVA: Pseudo-F= 4,4825; p= 
0.002). The anteriormost precloacal supplement (SP4) was the top ranked character 
that contributed to the differences between populations: SP4 of individuals from Cupe 
was longer than that of individuals from Flecheiras (SIMPER: Cupe (PE) x Flecheiras 
(CE) = 25.65% contribution). In addition, the posterior most precloacal supplement 
(SP1) of individuals from P. Verde (AL) was longer than the one of individuals from 
Flecheiras (CE) (SIMPER: P. Verde (AL) x Flecheiras (CE) = 23,03% contribution), 
and SP3 of the individuals from Cupe (PE) was longer than the one of specimens from 
Muriú (SIMPER: Cupe (PE) x Muriú (RN)=  30% contribution). Spicule and 
gubernaculum did not differ significantly among populations. Because of considerable 
overlap, no single sexual character by itself could distinguish individuals of one location 
from those of other locations. The character measurements are presented in table 2. 
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Figure 4. Non-metric multidimensional scaling  of the  somatic  characters among  the 
individuals of P. gynodiporata sp n. populations of Flecheiras - Ceará State (CE), Muriú 
- Rio Grande do Norte State (RN), Cupe - Pernambuco State (PE) and Ponta Verde - 
Alagoas State (AL) along the Brazilian coast. Used characters: body length, pharynx 
length, distance of ventral pore to anterior end, tail length, anal body diameter, head 
diameter, cephalic sensilla length, buccal width, buccal length, amphidial fovea, length, 
amphidial fovea width, distance of amphidial fovea to anterior end, width at the base 
of the pharynx, corresponding body diameter at the base of the pharynx, body width, 
body length divided by the width, body length divided by pharynx length, body length 
divided by tail length, spicule length, gubernaculum length, length of the 4th, 3rd, 2nd 
and 1st precloacal supplements.
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4.3.3. Species description 
Genus Paracanthonchus Bastian, 1865 
Paracanthonchus gynodiporata sp. n.  (Fig. 5 – 8, Table 4) 
  Holotype. Male (Fig. 5). 
Paratypes. 5 males, 5 females, 3 juveniles at fourth stage (two molting 
specimens, one to male, one to female). 
Type locality.  Brazil, Pernambuco State, Cupe Beach (8°27'29''S 34°58'58''W), 
subtidal zone, associated with brown seaweed Sargassum polyceratium 
Other Localities. Praia de Flecheiras, Trairí – Ceará – Brazil (3°13'08''S 
39°16'18''W); Praia de Muriú, Ceará-Mirim – Rio Grande do Norte – Brazil (5°33'43''S 
35°14'21''W), Praia de Ponta Verde, Maceió – Alagoas – Brazil (9°39'55''S 
35°41'54''W) 
Sequences from type location: 
 Type Haplotypes: COI – KX352225 (C2), KX352226 (C3), KX352227 
(C4), KX352228 (C5), KX352229 (C6), KX352230 (C7), KX352231 (C8), KX352232 
(C9), KX352233 (C10), KX352235 (M2). 
 Type Genotypes: 18S - KX352221; D2D3 - KX352222 
Life Science Identifier (LSID): urn:lsid:zoobank.org:pub:B6FBE6B8-
B482-4206-A9D3-842A7014A505 
Etymology: The species name refers to the pre- and post-advulvar body pores 
in the female (Fig. 6). 
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The number of sequences available for the genus Paracanthonchus is very restricted 
in GenBank.  
COI (396 bp): 317 conserved and 76 variable sites compared to Paracanthonchus sp. 
(FN998914.1) 
18S (914 bp): 848 conserved and 61 variable sites compared to P. caecus 
(AF047888.1) 
D2D3 (747 bp): 532 conserved  and 127 variable sites compared to Paracanthonchus 
sp. (KJ638031.1) 
 
4.3.3.1. Diagnosis and relationships 
Body medium-sized (779.3 – 1058.5 µm), largely cylindrical with rounded truncated 
head with conical tail; body cuticle with transverse rows of fine dots, slightly larger at 
level of lateral field, more visible posterior to the neck region; amphidial fovea ventrally 
spiral, smaller in females with 3.5 turns and 4 turns in males. Buccal cavity with a small 
dorsal tooth and two pairs of minute ventrosublateral teeth. Spicules paired and slightly 
ventrally bent, 34 – 46 µm long, gubernaculum with double apophyses and complex 
crura ridge dorsally with large thorn and lateral protuberances; four large well 
sclerotized tubiform precloacal supplements; and two short weekly developed tubiform 
supplements with similar structure between SP1 and cloacal opening. Females with 
vagina flanked by a pre- and post-vulvar body pore. Paracanthonchus gynodiporata 
sp. n. appears morphologically similar to P. perspicuus  Kito, 1981 by the presence of 
a small dorsal tooth, overall spicule shape and gubernaculum structure with a crura 
ridge with dorsal thorn. However, P. gynodiporata sp. n. can be distinguished from P. 
perspicuus by the smaller body length (779 – 1120 µm vs 1269 – 1287 µm), presence 
 144 
 
of ventrosublateral teeth vs absence in the latter, the presence of only one instead of 
two crura dorsal thorns, and the presence of two weakly developed precloacal 
supplements instead of one weakly developed precloacal supplement near the cloacal 
opening in P. perspicuus. Finally, the presence of the pre- and post-advulvar body 
pores observed in P. gynodiporata sp. n. has not been reported in any other species 
in the literature. 
 
4.3.3.2. Description 
Male (holotype) 
Body largely cylindrical, slightly narrowing in anterior neck region but more pronounced 
in conical tail. Punctated cuticular ornamentation, consisting of transverse rows of dots, 
forming the tip of inner cuticular struts; at the level of the lateral field punctation slightly 
larger though hardly differentiated in the neck region. Eight longitudinal rows of body 
pores, at mid body the largest pores bordering the lateral field. Somatic setae arranged 
in four sublateral longitudinal rows; setae longest (6 µm) and most numerous in neck 
region. Head region anteriorly rounded and truncated; lip region with six separate lips. 
Anterior sensilla arranged in two crowns: an anterior crown of six inner labial papillae 
and an outer crown of six external labial setae (4.5 µm) and four slightly longer cephalic 
setae (3.7 µm); both types of setae bipartite with open tip. Amphidial fovea spiral (4 
turns), ventrally wound and surrounded by punctation. No ocelli present. Buccal cavity 
with cheilostome reinforced by 12 cheilorhabdia and wide cup-shaped; pharyngostome 
short funnel-shaped with a small well developed dorsal tooth and two pairs of minute 
ventrosublateral teeth. Pharynx largely cylindrical, just posterior mid-way surrounded 
by the nerve ring. Outlet of a pair of posterior ventrosublateral pharyngeal glands at 
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the level of the nerve ring; outlet of dorsal gland far anteriorly. Cardia surrounded by 
intestinal cells and apparently with associated glands; intestine usually with diatoms 
visible in its lumen. Secretory-excretory pore at short distance from anterior end (26 
µm); short outlet sclerotized, swollen anterior ampulla; ventral gland at level of anterior 
intestine. Tail conical with three well developed caudal glands and nucleus, anteriorly 
extending along rectum. Spinneret well developed. 
Male reproductive system diorchic, anterior testis outstretched on the right side of the 
intestine, posterior one reflexed and lying on the left side of the intestine; sperm cells 
small globular (1.5 µm); vas deferens surrounded by muscular sheath and showing 
differentiation in granulation; spicules paired, slightly ventrally bent, strongly 
sclerotized with capitulum narrower than blade; blade about equally wide but tapered 
distally. Gubernaculum, strongly sclerotized and complex structure, composed 
proximally of a pair of (slightly twisted) apophyses with narrower tip, and crura (wider 
distal part) embracing retracted spicules, dorsal wall of the crura provided with dentate 
ridge with one larger thorn and laterally pointed protuberance visible in ventral view. 
Four oblique anteriorly orientated large, well sclerotized mid-ventral tubiform 
precloacal supplements; the posteriormost one (SP1) at about 30 µm from cloacal 
opening; each supplement with a central sensillar canal surrounded by a cuticular wall. 
In between SP1 and cloacal opening, two short, weakly developed tubiform 
supplements with similar structure (Fig. 7). 
Females 
General appearance (body shape, cuticular ornamentation), digestive and secretory-
excretory system as in male. Head region similar but smaller (but slightly narrower i.e. 
about 24% of corresponding body diameter in females and 36% in males), fovea with 
3.5 turns. Reproductive system didelphic-amphidelphic with antidromously reflexed 
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ovaries, anterior ovary right of the intestine, posterior on the opposite side; uteri with 
up to three developed oocytes observed in both uteri together; well-developed muscles 
at level of ovejector. Vagina, rather short, surrounded by vaginal constrictor muscles; 
vulva at mid-body and flanked by a pre- and post-advulvar body pore. No sperm 
observed.  
  
4.3.3.3. Remarks   
The most important characters to distinguish species in the genus Paracanthonchus 
are the number of teeth in the buccal cavity (Fig. 8) and the number of precloacal 
supplements [53]. The presence of ventrosublateral teeth is quite variable and was not 
mentioned in the species descriptions before the 1950’s; it is not clear if teeth have 
been overlooked or not. The number of precloacal supplements is an easier character 
to observe and supposedly more reliable. However, the presence and number of 
minute precloacal supplements near the cloacal opening is an object of discussion.
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 Table 4: Morphometry of the holotype (holo) and paratypes of Paracanthonchus gynodiporata sp. n.  from Cupe-PE in the 
northeastern coast of Brazil. Abbreviations: L (body length); Ventr. pore dist. ant. end. (ventral pore distance from the anterior end); 
abd (body diameter at anus level); Amphid dist. ant. end (Amphid distance from the anterior end); cbd base pharynx (corresponding 
body diameter at the base of the pharynx); a (body length / body width); b (body length / pharynx length); c (body length / tail length). 
The codes RIT848, RIT849, RIT850 and UGMD 104316 correspond to one slide each.  
 RIT848  RIT849  RIT850  UGMD 104316 
 Male 
(Holo) 
Female 
(NG) 
J4 stage Male  Female 
(NG) 
J3 stage Male  Male Female (G) Female (G)  Male Female (G) J3 stage 
L 1099 1238 796 1072  1001 819 1116  1146 1184 1145  1060 1075 500.83 
Distance vulva 
anterior end 
n/a 500 373 n/a  466 n/a n/a  n/a 521 552  n/a 488 n/a 
Pharynx length 151 156 132 144  154 131 147  162 172 172  151 160 97 
Ventr. pore. Dist. ant. 
end 
26.0 24.3 n/a 26.6  33.1 27.9 30.3  30.6 29.5 32.7  27 26 28.3 
Tail length 130 126 107 120  120 115 126  130 132 132  121 121 76 
abd 40 39.1 34.3 38.6  36.2 37.8 41.1  43.4 39 39.9  40.6 37.7 24.9 
Head diameter 22.4 22.6 24.9 21.4  22.1 22.9 21.5  22.9 24.5 24.2  20.5 25.9 15.3 
Sensila Length 4.5 3.5 3 3.7  4.7 2.5 3.7  4.6 4.9 4.4  2.9 4.2 2.3 
Buccal width 9.7 10.8 n/a 10.4  11.7 n/a 9.6  8.9 10.6 11.1  9.8 10.8 6.8 
Buccal length 8.5 8.7 n/a 8.9  10 n/a 8.5  9.6 9.9 10.8  9.5 10.3 6.6 
Amphid. fovea length 10 7.3 n/a 9.8  6.7 n/a 9.5  9.2 6.9 7.1  9.3 7.4 4. 
Amphid. fovea width 10 7.4 6.2 10.5  8.1 n/a 10.7  9.6 8.3 8.6  9.2 7.8 4.8 
Amphid. dist. Ant. 
end 
11.5 11.5 n/a 11.2  12 n/a 11.3  11.4 11.5 1188  12.9 12.3 9.1 
Pharynx width base 21 24.5 21.9 19.9  25.5 18.6 19.5  23.4 28.7 27.5  18.9 26.9 15.9 
cbd base pharynx 40 46.1 40.6 42.0  47.4 38.8 39.9  47.1 52.80 48.6  40.9 46.6 29.5 
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Pre-vulvar body pore n/a 16.5 14.8 n/a  16.2 n/a n/a  n/a 16.5 17.2  n/a 15.6 n/a 
Post-vulvar body 
pore 
n/a 15.5 12.6 n/a  15.6 n/a n/a  n/a 16.8 16.3  n/a 16.1 n/a 
Body width 40 55.9 46 46.8  58.5 41.4 48  n/a 65.90 63.6  50.4 58.2 30.8 
Spicule length 40 n/a n/a 38.9  n/a n/a 39.2  39.5 n/a n/a  42.1 n/a n/a 
Gubernac. length 34.6 n/a n/a 36.1  n/a n/a 35.9  40.8 n/a n/a  34.5 n/a n/a 
Supplement length 4 21.5 n/a n/a 21.7  n/a n/a 23.2  22.5 n/a n/a  23.7 n/a n/a 
Supplement length 3 25.4 n/a n/a 24.9  n/a n/a 25.2  23.2 n/a n/a  24.3 n/a n/a 
Supplement length 2 24.6 n/a n/a 25.4  n/a n/a 25.1  24.4 n/a n/a  24.8 n/a n/a 
Supplement length 1 26 n/a n/a 25.8  n/a n/a 25.7  25.5 n/a n/a  25.8 n/a n/a 
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Figure 5. Paracanthonchus gynodiporata sp. n. Abbreviations: MH - Head region male 
holotype; FH - head region female paratype showing sexual dimorphism in amphidial 
fovea; SG - detail of holotype spicule and gubernaculum; MPST - male holotype 
posterior region with precloacal supplements and tail; HHMR - holotype habitus with 
male reproductive system; FR - female paratype reproductive system. 
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Figure 6. Paracanthonchus gynodiporata sp. n. Abbreviations: DT - dorsal hollow tooth; 
OVG - sclerotized outlet of the ventral gland; SLT - ventrosublateral teeth; D - detail of 
diatom in the intestine; EG - egg in the uterus; ABP - pre and post-advulval body pores; 
AM - male amphidial fovea; LBP - longitudinal rows of large body pores bordering the 
lateral field; LFD - lateral field and differentiation. 
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Figure 7. Paracanthonchus gynodiporata sp. n. Abbreviations: DT - Gubernaculum 
with  dorsal thorn of crura; GU - gubernaculum; DCR - dorsal crura ridge; VDT - ventral 
view of the dorsal thorns; AP - gubernaculum apophysis; S - spicule; LPP - lateral 
pointed protuberance; DTC - gubernaculum showing distal thorn of crura; MRG - mid-
rib gubernaculum; SP - precloacal supplements; sp’ minute precloacal supplements. 
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Figure 8. Paracanthonchus gynodiporata sp. n. Detailed reconstruction of the head region 
showing the mouth armature indicating the number and position of teeth, especially the 
ventrosublateral, which are variable and an important feature in the literature. The numbers 
between brackets correspond to the number of the referred structure when different from 1. 
Abbreviations: ICS - Insertion of the cephalic setae (4); IOLS - insertion of the outer labial setae 
(6) which is at the same level of the outer labial setae composing a single circle with 10 sensilla 
(4+6); ILS - inner labial sensilla (6); MO - mouth opening; L - labium (6); DT - dorsal hollow 
tooth; VST - ventrosublateral teeth; PL - pharynx lumen; BC - body cuticle; CR - cheilorhabdia 
(12); CRP - prolongation of the cheilorhabdia beneath labial cuticle (12); OLS - outer labial 
setae; CS - cephalic setae. 
 
 153 
 
4.4. Discussion 
4.4.1. Paracanthonchus gynodiporata sp. n. associated with seaweeds shows 
little population genetic structuring across large geographical distances.  
Our FST values show little overall population genetic structure (FST= 0.05388). This 
result was remarkable considering that nematodes in general lack planktonic larvae 
and dispersal is likely to be limited (Derycke et al. 2007a). Previous population genetic 
studies showed that nematodes associated with seaweeds have moderate to very 
large genetic structuring as observed in a species of Halomonhystera disjunta species 
complex in the region of the Westerschelde estuary (GD3, ΦST = 0.11 – 0.13, p< 0.001) 
(Derycke et al. 2013), in species of Litoditis marina species complex  in the North Sea 
along the Belgian and Dutch coast (Pm I, ΦST = 0.22, p< 0.001), from the  Bay of Biscay 
to the Baltic Sea (Pm II, ΦST =0.37, p< 0.001), and at transatlantic distances (Pm III, 
ΦST = 0.19, p< 0.001) (Derycke et al. 2008b). Large genetic structuring is expected for 
those two species complexes, because they have very short generation times and high 
reproductive output  (Derycke et al. 2005, Derycke et al. 2008b). However, very large 
genetic structuring has also been observed for other seaweed-nematode species, with 
presumably long generation times and low reproductive output such as for species of 
the Thoracostoma trachygaster species complex (Clade II, ΦST = 0.28, p< 0.001) 
(Derycke et al. 2010a).  
The northern most population, Flecheiras, was differentiated from Muriú (RN) and 
Cupe. The latter two populations had significant negative neutrality tests and fitted the 
recent expansion model, suggesting that the differentiation with Flecheiras may be 
caused by a rapid expansion of the latter two populations. In addition, Flecheiras was 
the closest population to the border between the northeastern Brazil province and the 
Amazon province (Spalding et al. 2007, Boehm et al. 2013). The proximity of this 
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location to the Amazon river may affect the genetic diversity of the northernmost 
population, but this remains very speculative. All four locations were dominated by the 
same nematode haplotype (C8) and showed very similar haplotype networks, with a 
small number of rare haplotypes and only very few mutations between them. This 
suggests that all four populations are evolutionary quite young. No geographical 
structuring was present in the overall network, and together with the weak genetic 
structuring observed in AMOVA, this suggests that these populations have been well 
connected. Alternatively, balancing selection may be responsible for the high 
dominance of the C8 haplotype and the generally low diversity in these populations. 
Generally, mitochondrial DNA is considered a neutral marker, but it has already been 
demonstrated that it may be under selection (Ballard et al. 2007). This would require 
that selection for the C8 haplotype happened independently in each of the four 
populations and that not enough time has passed to accumulate new mutations. A 
second alternative may be the lack of mutation-drift equilibrium, which can also lead to 
low overall Fst values despite a lack of ongoing gene flow (Hartl 1988, Hellberg 2009). 
Especially for low-dispersal species with high effective population sizes, such as 
marine nematodes, time to reach a mutation-drift equilibrium may take thousands of 
generations, which may not be achieved in habitats with strong colonization-extinction 
dynamics such as macro-algal beds.   
Although data on the age of seaweed beds in the northeast of Brazil is extremely 
limited, seaweed beds have a close relationship with coral reefs because many 
seaweed species need hard substrate to attach and develop (Biber 2007). Reef 
ecosystems in the northeastern coast of Brazil are estimated to have originated around 
7 Myr ago, i.e. between the late Miocene and early Pliocene (Leãoa et al. 2003), and 
have been under the influence of sea-level fluctuations during the Pleistocene (Barreto 
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et al. 2002). However, to what extent those sea-level fluctuations affected the genetic 
connectivity among populations of marine small metazoans along the northeastern 
coast of Brazil remains unclear. About 2.7 Myr ago, the Central America Seaway was 
still open, allowing the Pacific Upper Ocean water to flow towards the Atlantic causing 
the North Brazil current to flow SE, which is the opposite direction observed today 
(Heinrich and Zonneveld 2013). In this way, the sea current along the northeastern 
coast of Brazil was continuous and allowed passive dispersal from north to south via 
rafting on algae. This could explain the presence of similar haplotypes in all populations 
observed today. The populations of Muriú (RN) beach showed the highest FST  value 
in the pairwise comparison with Flecheiras (CE) (FST= 0.13125; p < 0.001). However, 
the FST values appear to decrease with distance and become insignificant. Such 
chaotic patterns are not uncommon in marine environments, and adding local 
environmental data might shed light to understand this apparent chaos (Selkoe et al. 
2010).    
The two main currents at the Brazilian northeastern coast did not appear to constitute 
a strong physical barrier for P. gynodiporata sp. n. as observed by the weak genetic 
structure between those two regions (FST= 0.05204). Our sampling area covered only 
one biogeographical province, the Northeastern Brazil province. Provinces are 
classified upon a hierarchical system based on taxonomic configurations, influenced 
by evolutionary history, patterns of dispersal, and isolation (Spalding et al. 2007). The 
lack of large population genetic structure among the P. gynodiporata sp. n. agrees well 
with the above mentioned biogeographical province. In all, our data point to a very low 
genetic differentiation across a large geographic area suggesting that P. gynodiporata 
sp. n. has performed long-distance dispersal during some time along its evolutionary 
history. Since the studied species has not been found in the sediment so far (Apolônio 
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Silva De Oliveira 2016), drifting seaweeds are known to be used as a dispersal 
mechanism for diverse marine organisms (Ingólfsson 1995, Arroyo et al. 2006) 
including nematodes (Thiel and Gutow 2005). However this kind of dispersal is limited 
by the direction of the carrying current and does not fully explain the lack of large 
genetic structure between locations under the influence of opposite currents in our 
study.  The diverging force of the water currents in this area has to be overcome if 
mutation-drift equilibrium is present and ongoing gene flow is the major homogenizing 
force. Nematodes are able to colonize hard artificial substrata (Atilla et al. 2003, 
Fonseca et al. 2008), for example turtle shells (Corrêa et al. 2014), and might thus 
hitchhike on sea turtles when they forage between seaweed beds  (Bjorndal 1985). 
Paracanthonchus is a frequent genus found associated with turtles (Corrêa 2012) and 
could possibly feed on epibiont diatoms growing on the turtle shell (Majewska et al. 
2015). Personal recent observations in an Acanthonchus nematode species 
associated with the sea turtle Eretmochelys imbricata have shown the presence of an 
identical mitochondrial DNA haplotype in two beaches more than 900 km apart. 
Whether the amount of nematodes using this particular dispersal mechanism would be 
sufficient to establish a population in the new patch remains unclear, as priority effects 
may hamper the establishment of newly arriving individuals (Derycke et al. 2007c).  
 
4.4.2. Historical exploitation of the natural seaweed bed does not affect the 
haplotype frequencies of associated nematode populations 
Colonization dynamics can strongly impact the mitochondrial haplotype diversity over 
time (Derycke et al. 2006, Derycke et al. 2007c). Yet, no variation was observed in 
genetic composition in Cupe (PE) between years. Moreover, the beach with the highest 
genetic diversity was the one where historical exploitation of the natural seaweed bed 
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was prominent (Flecheiras (CE)). Commercial seaweed exploitation has gradually 
disappeared since the 1970s in Brazil and has been replaced from 2002 onwards by 
seaweed cultivation. It has been argued that seaweed cultivation may increase 
biological diversity, attracting marine life by creating a harbour where marine species 
can find shelter and food (Bergman et al. 2001). In Flecheiras, the fishermen stopped 
the seaweed extraction from the natural bed and started seaweed cultivation in 2003 
which persists until today (Rocha 2013). Yet, all four populations presented a very 
similar haplotype diversity and no evidence of founder effects, bottlenecks or genetic 
drift in P. gynodiporata sp. n. was found. Considering that seaweeds were harvested 
monthly during the peak production period in the 1980’s in the northeastern coast of 
Brazil (Rocha 2013), the seaweed beds in those regions could also be considered as 
an ephemeral substrate with a dynamic recolonization rate. It seems the effect of 
seaweed harvesting on the nematode population is limited: if the population was 
affected at all, it was able to fully regain its genetic diversity in the 11 years after the 
harvesting stopped. The source population to re-establish genetic diversity probably 
came from other seaweed beds since P. gynodiporata sp. n. has not been observed in 
the sediment in the studied locations nor in four other locations along the Brazilian 
coast (Pirambu (CE), Icapuí (CE), São Sebastião (SP) and Ubatuba (SC)) (Apolônio 
Silva De Oliveira 2016). Also, historical seaweed exploitation did not lead to genetic 
changes in nematode haplotype frequencies. This may be caused by the presence of 
large population sizes, or by substantial gene flow to prevent population genetic 
structuring even over very large distances (≈1080 km).  
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4.4.3. Nematodes can show considerable phenotypic variation among 
populations potentially biasing species description  
There are no synapomorphies at subfamily and genus level within the family 
Cyatholaimidae (Lorenzen 1994). The subfamily Paracanthonchinae shows variation 
in e.g. lateral differentiation (present or absent) and precloacal supplements (rarely 
absent). Likewise, within the subfamily, the genus Paracanthonchus shares the 
presence of tubular precloacal supplements with Acanthonchus, differing from the 
latter by the presence of lateral differentiation in cuticular punctation, but no 
synapomorphy is observed (Miljutina and Miljutin 2015). At species level within 
Paracanthonchus, the difficulty in interpretation of the stomatal armature, especially 
with respect to the presence and number of ventrosublateral teeth, the number of 
precloacal supplements, the structure of the gubernaculum as well as the interspecific 
overlap of morphometric features such as body length and spicule length, complicate 
species differentiation based on light microscopic observations. This also hampers 
comparison with older descriptions, in which some features were overlooked or 
misinterpreted (Decraemer and Backeljau 2015). In Brazil, there are three described 
species, P. batidus (Gerlach 1957), P. digitatus (Gerlach 1957) and P. cochlearis 
(Gerlach 1957), which can be distinguished from the new species by the number of 
precloacal supplements (5 in P. batidus; 4 in P. digitatus; 4 + 2 P. gynodiporata n. sp.) 
and the number of turns of the amphidial fovea (6 P. cochlearis; P. gynodiporata n. sp. 
4). Substantial overlap exists for other characters (e.g. body length). One possible 
example of phenotype misinterpretation concerning diagnostic characters is the poorly 
developed precloacal supplement near the cloaca. In P. perspicuus, which is very 
similar to P. gynodiporata sp. n., Kito (Kito 1981) claimed that the poorly developed 
supplement is a single structure with a single opening, while two tubular-like structures 
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are illustrated. However, in the new species we observed the presence of two poorly 
developed tubular precloacal supplements, each with its own opening. It is unclear, 
however, whether the presence or absence and number of those very small precloacal 
supplements in other Paracanthonchus species are a result of misinterpretation or not. 
The combination of the following characters could be used to distinguish between 
species from the genus Paracanthonchus: 1) number of precloacal supplements 
including the poorly developed tubular supplement near the cloaca, 2) the mouth 
armature including the number of ventrosublateral teeth, 3) the ornamentation of the 
gubernaculum (e.g. ridges, thorn like protuberances) and 4) the number of loops in the 
amphidial fovea. Body length, body width and pharynx length should be given less 
weight.   
Interestingly, the observed phenotype variability is not accompanied by genotypic 
variability in P. gynodiporata sp. n.  A threshold between intra and interspecific  genetic 
distances for the COI gene in marine nematodes has been set at 4.8% p-distance 
(Ferri et al. 2009, Derycke et al. 2010b). In our work, the highest difference between 
haplotypes was 1.5%. A combination of morphological characters differentiated the 
four studied P. gynodiporata sp. n. populations and non-overlapping morphometric 
characters such as buccal cavity width, distance of amphidial fovea from anterior end, 
and cephalic setae length were able to differentiate populations. It has been 
demonstrated that body and tail length can substantially vary within a single species 
progeny (Fonderie et al. 2013) and even the presence or absence of teeth in a single 
species (Kiontke and Fitch 2010) can be affected by environmental variables (e.g. food 
source), but it has only rarely been documented from field collected specimens. In 
contrast to the substantial phenotypic variability observed, a maximum of 6 haplotypes 
per location per year was observed, with 17 haplotypes in total over more than 1000 
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km. Surprisingly, the nuclear sequences were identical for all individuals of the two 
studied locations Cupe (PE) and P. Verde (AL). The opposite pattern (high genetic 
variation and no morphological variation) is well documented in a wide range of species 
(Bickford et al. 2006), including marine nematodes (Derycke et al. 2006, 2007a, 
Derycke et al. 2008a, Fonseca et al. 2008, Apolônio Silva De Oliveira et al. 2012). Due 
to the limited number, small size and the high risk of losing individuals of P. 
gynodiporata n. sp. during voucher procedure, we have not used the same individuals 
for DNA sequencing and morphometry. However, because of the low haplotype 
richness (maximum of 6 haplotypes per location) and the high dominance of a single 
haplotype, at times representing more than 80% (Muriú (RN)) of the haplotype 
frequencies, it is very likely that the individuals used for the morphometry are from the 
same or similar haplotypes. Because of initial differences in number of adults among 
the four populations, we have added a number of juveniles to increase the balance of 
our design for the molecular analysis. However, because 1) only one species of the 
genus Paracanthonchus occurred associated with seaweeds in our samples in the four 
studied locations, and 2) very few overall mutations were present among their 
sequences (maximum of 6 mutations out of 396 bp for COI, and identical nuclear D3D3 
and 18S sequences between two beaches), it is highly unlikely that the added juveniles 
belonged to a different species. 
Many morphological traits are encoded by multiple genes, and it is possible that other 
regions of the genome could show more variation than the three genes we have 
studied. Moreover, environmental factors can play a role in nematode phenotypic 
variation without similar levels of genetic differentiation as a result of epigenetic 
mechanisms (Bossdorf et al. 2008). Gene expression usually can be reduced by 
methylation of CpG sites (cytosine followed by a guanine with one phosphate in 
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between). Reduced activity of the Hsp90 (a heat shock protein) caused morphological 
variations in an isogenic Drosophila melanogaster strain (Sollars et al. 2003), showing 
that epigenetic modification can be expressed in the organism’s morphology. Such 
changes can be heritable and may imply that in natural populations, mutation is not the 
only source of heritable variation (Bossdorf et al. 2008), and epigenetic changes are 
also an important mechanism underlying  microevolutionary processes.  
Clearly, an integrative approach using independent data sources can lead to 
scientifically valid species delineation. Some morphological characters of nematodes 
are difficult to observe. Similarly, the genus Paracanthonchus presents a wide variation 
in mouth structure (Miljutina and Miljutin 2015). The pairs of ventrosublateral teeth can 
be strongly reduced and barely visible in lateral view, and consequently they could 
have easily been overlooked using light microscopy in previous publications (Gerlach 
1957, Inglis 1962). Ideally, morphometric data from different populations, as provided 
in this study, should be included to give an idea of the morphological variability of a 
species. However, it is comprehensible that this is not always possible if sampling 
requires intensive logistic effort (e.g. deep sea). Our data provides another clear-cut 
example of the need to combine multiple approaches (morphology and DNA 
sequences) to describe and determine species boundaries.   
4.5. Conclusion 
Nematodes associated with seaweeds can show low genetic structuring over large 
distances (>1000 km), suggesting dispersal capacity of nematodes can be high 
throughout the evolutionary history of the species. There is no evidence that historical 
seaweed exploitation has affected genetic diversity or haplotype frequencies of 
epiphytic marine nematodes. Morphometric variation in natural populations can be 
substantial, showing interspecific overlap, and one should combine at least molecular 
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and morphological data in an integrative way to establish species boundaries and 
describe diversity.  
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5. General discussion 
In tropical areas, especially in South America, substantial study effort is still needed to 
properly document marine biodiversity. Brazil’s 7000 km coastline accounts for 50% of 
the entire South American continent’s coast line. Current study on genetic diversity, 
connectivity and structure of marine nematodes along the Brazilian coast contributes 
to decrease the knowledge gap on the free-living marine nematofauna of South 
America. It represents the first study comparing the nematode assemblages 
associated with seaweeds with those from the sediments in different beaches over a 
large scale (>3000 km) in tropical (mostly) and subtropical regions. Additionally, current 
study also made an attempt to explore whether historical human activities such as 
seaweed exploitation in shallow water ecosystems could affect nematode diversity 
based on population genetic information from a single species present in several 
sampling sites along the Brazilian coast. For the first time, it is shown that nematodes 
associated with seaweeds may be able to disperse over distances much longer than 
100 km, and one of the few studies showing that phenotypes between populations can 
be significantly variable while genotypes are conserved. The direct testing of the 
assumption that the more sediment accumulated on the seaweeds, the higher the 
nematode abundances is, as far as I know, also new to science. The latter assessment 
combined with the assemblage analysis between sediment and seaweed, is very 
important to understand whether the sediment is a source of diversity and 
recolonization for the seaweed beds upon disturbance and degradation. In the next 
section we will discuss the fundamental questions of this thesis into detail. 
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5.1. Do nematode communities associated with macroalgae differ from those 
inhabiting the nearby sediment because of ecological differences between macroalgal 
and sediment as habitats? 
5.1.1. Main differences between seaweeds and sediment as habitat for 
meiofauna 
Macroalgal substrate. Seaweeds are a fundamental part of the autotrophic food web, 
providing oxygen, feeding site and shelter. Physical factors such as wave exposure 
and sediment accumulation appear one of the most important physical factors in the 
literature (see also chapters 1 and 2). However, direct interactions between the algal 
substrate and its associated organisms are also important. Morphological differences 
in algal cell wall structure and presence/absence of secondary metabolites are 
responsible for shaping epiphytic communities, e.g. the growth of microphytobenthos 
(Paul and Fenical 1986, Egan et al. 2000, Wikström and Pavia 2004).  
Some epiphytic meiofauna organisms possess specific adaptations, such as claw-like 
structures (in copepods) which allow the attachment of the organism onto seaweed 
thallus to withstand currents (Hicks 1985). Secondary metabolites exuded by the 
macroalgae form another type of adaptation. Compounds as diterpene alcohols, 
pachydictyol—A and dictyol—E, are produced by some brown seaweeds for example 
Dictyota dichotoma. Those compounds appear to decrease seaweed palatability for 
the herbivore fish Diplodus holbrooki and the sea urchin Arbacia punctulata (Hay et al. 
1987). In contrast to fishes, herbivore amphipods feed on D. dichotoma and are 
abundant, indicating that they are tolerant to the seaweed secondary metabolites.  
In our study, we have compared nematode assemblages of the seaweeds Sargassum 
polyceratium (brown seaweed) and Halimeda opuntia (green calcified seaweed). The 
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most abundant genera were similar between seaweeds (e.g. Euchormadora and 
Paracanthonchus), but an overall difference in nematode assemblage was observed; 
the latter could be a result of fluctuations of rare taxa. Some nematode genera 
apparently showed a preference for one seaweed species over the other (e.g. 
Hypodontolaimus for S. polyceratium and Draconema for H. opuntia). Apart from the 
presence of caudal glands, most epiphytal nematodes do not possess obvious 
morphological adaptations. However, draconematids (found in current study) and 
epsilonematids form an exception since they possess in addition transformed glandular 
setae (ambulatory setae) as well as an S- or epsilon-shaped appearance. Nematodes 
have a well-developed chemosensory system in the head region as well as gustatory 
sensory elements in the pharynx (Knowlton 2000, Goetze and Kiørboe 2008) which 
may contribute to seaweed preferences. Biochemical interactions such as seaweed 
metabolite tolerance and sensitivity to other seaweed exudate (chemical signalling, 
Jensen 1981) could perhaps be one non-visible nematode adaptation to the phytal 
habitat. 
Differences in seaweed morphology have been reported as important structuring 
factors for epiphytic meiofauna including nematode assemblages (Warwick 1977, 
Gibbons 1991, Gee and Warwick 1994a, Gee and Warwick 1994b). In our study 
(chapter 2), the most obvious effect of different thallus architecture between S. 
polyceratium and H. opuntia, was reflected in the amount of retained sediment, which 
was higher in the latter. Although no significant differences in nematode overall density 
between both seaweed species or correlation between nematode density and the 
amount of retained sediment were found, the amount of sediment positively correlated 
with the density of some particular nematode genera. So the amount of retained 
sediment present seems to be important for specific genera/species rather than for the 
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whole nematode assemblage. Counterintuitively, the positive correlations were with 
nematode genera that were typically found on seaweeds (Paracanthonchus, 
Euchromadora and Draconema), but not for one frequently found in sediment in our 
work (Hypodontholaimus). However, the data on nematode assemblages in the 
sediment was obtained in a different year and based on relatively few samples (chapter 
3). Because this result seems contradictory with the idea of higher loads of sediment 
leads to higher abundances of nematodes typically found in sediment on seaweeds, 
more data would be necessary to clarify whether there is such a straightforward 
relationship. 
In the bottom sediment however, factors such as oxygen percolation, organic matter 
content and grain size have been demonstrated as important factors structuring 
meiofauna (Steyaert et al. 2003, Udalov et al. 2005, Soetaert et al. 2009). For instance, 
while macroalgae are important oxygen producers for the associated meiofauna, 
oxygen can be more limited in the sediment as high levels of organic matter content 
increase metabolic activity of bacteria, consequently increasing the rate in which 
oxygen is depleted (Jogensen and Revsbech 1985, de Beer et al. 2005). Bioturbation 
plays an important role on the microdistribution of food sources (Dauwe et al. 1998), 
affecting the distribution of the meiofauna such as nematodes. Grain size and shape 
have also important factors because they influence porosity and organic matter 
retention (e.g. lower organic matter content in medium sand compared to fine sand 
(Williams 1972, Franco et al. 2007). Moreover, high abundances of certain nematode 
families have been attributed to  granulometric profiles (Gheskiere et al. 2005, Maria 
et al. 2012). 
In our study (chapter 3), we did not generate granulometric data and our comparisons 
are based on what is found in the literature for the same location. The granulometry of 
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the bottom sediment ranged from medium silt to gravel with medium sand being the 
most common grain size. We have found very similar families which correlated with 
certain grain size ranges in the literature. For instance, the dominance of the family 
Xyalidae in fine to medium sand (Gourbault and Warwick 1994, Nicholas and Hodda 
1999, Gheskiere et al. 2004, Hourston et al. 2005, Moreno et al. 2006, Mundo-Ocampo 
et al. 2007). 
 
5.1.2. Nematode assemblages from seaweeds appear to be distinct from those 
in sediment 
Taking into account the above mentioned differences in habitat conditions of the 
macroalgal and sediment substrates, the first main question of this study was: are 
nematode communities from seaweeds and adjacent sediment significantly different? 
The answer is important if one wants to understand the sources of recolonization and 
possible restoration capacity of the seaweed beds. Considering 1) the significant 
difference in nematode assemblages between seaweed and sediment in seven out of 
eight studied locations (despite a significant effect in dispersal of the variances) and 2) 
the absence of some macroalgal nematode species in the sediment, such as the 
Paracanthonchus gynodiporata n.sp. and the nearly absence (one or two individuals 
in the sediment in 3 out of 7 locations) of the most abundant species on the algae 
Chromadora macrolaimoides, epiphytic nematodes may not simply be a subset of 
those found in the surrounding sediment, clearly showing substrate preferences. Our 
findings contrast with the idea that the more sediment, the higher the general nematode 
density (Wieser 1951, Wieser 1952, Hopper and Meyers 1967, Hopper 1967, Moore 
1971, Warwick 1977, Da Rocha et al. 2006). 
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Nematodes that are typically found in the sediment possibly do not stay on the 
seaweed when currents carry them along with the sediment, but apparently move back 
to the bottom sediment illustrating that nematodes can actively choose their habitat 
(Ullberg and Ólafsson 2003, Arroyo et al. 2006). Conversely, nematodes typically 
found on seaweeds may not colonize the sediment as observed in experiment with 
drifting seaweeds, in which epiphytic nematodes arriving in a new location did not 
migrate to the sediment and remained on the seaweed instead (Arroyo et al. 2006). 
Although the investigation by Arroyo et al. (2006) was at genus level, this finding 
indicates that some nematodes only or mainly colonize seaweeds.  
From a functional point of view, 2A feeding type nematodes (= epistratum feeders 
which scrape off particles from surfaces by small buccal teeth) was dominant in 
seaweeds which is typical for phytal habitats (Hopper and Meyers 1967, Lewis and 
Hollingworth 1982, Da Rocha et al. 2006, De Oliveira et al. 2016) while 1B feeding type 
nematodes (= ciliate or non-selective deposit feeders with a non-armed buccal cavity) 
were dominant in the sediment and typically found in detritivore marine food webs (de 
Jesús-Navarrete and Herrera-Gómez 2002). It indicates that type of food availability 
probably differs between substrates and food preference is likely playing a role on the 
distribution and structuring of the nematode communities. 
Hereby, we have demonstrated that differences in nematode assemblages are likely 
to be caused by differences in substrate characteristics. Our hypothesis that nematode 
communities differ between different substrates, is confirmed. 
 
 
 171 
 
5.2. Do nematode assemblages from non-harvested regions differ from harvested 
regions because of the higher temporal turnover in the latter? 
5.2.1. Exploitation of natural seaweed bed and cultivation 
The effect of seaweed exploitation has been observed on seaweed bed communities, 
for example in the decrease in biomass of both the exploited seaweed Gelidium (the 
main harvested seaweed) and macrofauna species such as a holoturian (Pentacta 
dolioculum), a bivalve (Perna perna), a gastropod (Fissurella mutobilis) and an 
amphipod (Elasmopus japonicus) (Lasiak and Field 1995). Seaweed cultivation in 
general as well as in Brazil has been proposed as a way to exploit economically 
important seaweeds, mitigating the impact on the natural bed communities (Rocha 
2013). However, the effects of seaweed cultivation are still controversial as some 
studies claimed either a negative or a positive effect, which appear to be related to the 
taxon and/or habitat. For instance interstitial macrofauna appear to be negatively 
affected by seaweed cultivation as farms are easily accessible on foot and the bottom 
substrate is disturbed by trampling (de la Torre-Castro and Rönnbäck 2004, Eklöf et 
al. 2005). In contrast, seaweed farming areas have shown to harbour a more abundant  
and diverse fish community (Bergman et al. 2001).  
 
5.2.2. Seaweed exploitation and nematode assemblages  
The second main question of our study focused on possible changes in nematode 
assemblage between locations with and without historical seaweed exploitation, and 
latitudinal patterns for both epiphytic and sediment nematodes. Except for one beach 
(Icapuí-CE), we observed in general no significant difference between nematode 
communities with and without historical exploitation as parameter, showing that if those 
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nematode communities were disturbed by harvesting in the past, nowadays the impact 
can no longer be observed. However, the number of samples used in our study was 
limited, and we will avoid strong conclusion to this respect. 
Jensen (1984) assumed that in the Baltic Sea epiphytic nematodes were able to 
migrate to the bottom sediment during adverse conditions such as seasonal variation 
which causes changes on seaweed thallus. Therefore, nematodes associated with 
seaweeds in exploited areas might be able to mitigate the effect of habitat loss by 
migrating to the bottom sediment, although it can be very limited (Arroyo et al. 2006). 
In our study, especially in the northeastern coast, climatic conditions are fairly stable 
(Dominguez et al. 1992), no variation on seaweed thallus were observed and it is 
uncertain whether tropical species exhibit this type of avoidance behaviour.  
 
5.2.3. Differences in nematode assemblages between locations within seaweeds 
and sediment 
Overall, there was significant variation in nematode assemblage between locations for 
both substrates (seaweeds and sediment) and no correlation between diversity or 
abundance with latitudinal gradient. However one particular pattern was observed. 
Nematode communities associated with seaweeds are more similar to each other over 
more than 3000 km coast line in all measured variables, density, diversity and 
assemblage structure compared to the nematode communities found in the adjacent 
sediment. We found the same macroalgae-exclusive species P. gynodiporata in four 
locations over more than 1000 km coast line, showing little genetic structuring as well 
as  a widespread epiphytic species, Chromadora macrolaimoides which occurred in all 
locations except in one, and when recorded from the sediment this was only by one or 
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two individuals. Both species, when co-occurring, accounted for more than 40% of the 
relative abundances except one location in the southeast (São Sebastião), where both 
species were absent. In contrast, for the  sediment, we found no dominance of a 
particular nematode genus and hardly the same co-occurring genera across locations.  
This pattern might be related to the dispersal capacity of some typical epiphytic 
nematodes e.g. on drifting seaweeds which may float for long periods over long 
distances (Sudhaus 1974, Thiel and Gutow 2005, Derycke et al. 2008b). In contrast, 
nematodes from the sediment can be suspended in the water column (Palmer 1988, 
Boeckner et al. 2009, Thomas and Lana 2011) and carried by sea currents for a much 
more limited time (Ullberg and Ólafsson 2003).  
We observed that the nematodes which only occurred in seaweeds accounted for 20% 
to more than 60% of the relative abundance depending on the location. Although the 
percentages are likely to change by increasing sampling effort, differences in 
nematode assemblages at genus level between seaweed and sediment were 
consistent, i.e. seven out of eight beaches showed significant differences between 
substrates. Consequently, it seems unlikely that nematode diversity on seaweeds upon 
disturbance can be fully restored from sediment nematode assemblages. It suggests 
that there might be a local loss of epiphytic nematode diversity as a result of extensive 
uncontrolled exploitation/degradation of seaweeds beds 
Here, we found no evidence of seaweed exploitation and no latitudinal pattern. 
Therefore, 2) we reject the hypothesis that nematode communities between the 
locations with and without historical harvest would be different as a result of temporal 
turnover and patterns in nematode assemblage would be found along the latitudinal 
gradient 
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5.3. Will intraspecific genetic differences be higher among populations in non-
harvested vs. harvested regions due to the higher colonization dynamics in the latter? 
5.3.1. Environmental pressure and genetic diversity 
Habitat loss (e.g. deforestation, fragmentation, etc.) is known as a strong factor 
affecting genetic diversity (Lowe et al. 2005, Rauch and Bar-Yam 2005), decreasing 
population size, and increasing inbreeding rates, culminating in a lower population 
fitness (inbreeding depression – Dolgin et al. 2007, Indrioko and Ratnaningrum 2015). 
It directly affects the capacity of populations to withstand environmental pressure 
(Ehlers et al. 2008, Wilkinson et al. 2010), which can endanger species. Responses 
on genetic diversity in meiofauna resulting from environmental stress have been 
recorded in many studies (Street and Montagna 1996, Street et al. 1998, Schizas et 
al. 2001, Gardeström et al. 2006, Gardeström et al. 2008). However, response to 
adverse environmental conditions has shown both to decrease genetic diversity by the 
same mechanism mention above (inbreeding) or increase genetic diversity by 
increasing mutation rates and the selection favouring heterozygotes (Depledge 1996, 
DiBattista 2008). In nematodes, changes in genetic diversity caused by adverse 
environmental conditions are still unclear (Derycke et al. 2007b). However, previous 
meiofauna studies dealing with genetic diversity variation were focused on pollution 
rather than on direct physical decrease of habitat.  
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5.3.2. The third main question dealt with the influence of seaweed harvesting at 
molecular level: Is intraspecific genetic diversity in non-harvested areas higher 
compared with areas which were historically harvested?  
After many attempts to find a good candidate nematode species and testing different 
primer sets for the mitochondrial COI for a variety of species with a wide enough 
distribution, we succeeded with one new species, Paracanthonchus gynodiporata sp. 
n., of the family Cyatholaimidae.   
Similarly as for nematode assemblages (chapter 3), no significant genetic diversity 
difference was observed between locations where historical harvesting of natural 
seaweed beds took place compared with those without any harvesting record. We 
observed however, higher genetic diversity in one beach with historical harvesting. 
This could have been caused by a selective force favouring heterozygosity for 
example,  as mentioned in the literature (Depledge 1996, DiBattista 2008). This result 
was also surprising as bottleneck and founder effect could have happened as a result 
of habitat loss. This would decrease the genetic diversity and affect allele frequencies 
as a result of recurrent recolonization, also observed in shorter terms experiment with 
nematode recolonization (Derycke et al. 2007c).  
Meiofauna in shallow water ecosystems has shown to quickly recover from 
disturbance, such as trampling, in few days in a mudflat, or after months in a phytal 
habitat (Johnson et al. 2007, Sarmento et al. 2013). Possibly, in our study area enough 
time has passed to allow the restoration of the local genetic diversity, considering that 
the exploitation of the natural seaweed beds has stopped more than 10 years ago. 
However, the time needed to restore the genetic diversity is still unclear as life history 
between nematode species varies considerably (Derycke et al. 2013). Alternatively, 
 176 
 
seaweed harvesting may have little, if any, effect on nematode assemblages 
associated to the selected macrophytes.  
Our hypothesis related to the main question 3: “nematodes from non-exploited areas 
exhibit higher genetic variability” could be rejected for P. gynodiporata sp. n. 
 
5.4. Will genetic differentiation be pronounced along the Brazilian coast as a result of 
historical long term isolation?   
Populations that are for a long time isolated, for instance by a geographical barrier, are 
likely to exhibit genetic structuring because of random variation in allele frequencies 
over time (genetic drift - Masel 2011) and lack of gene flow. This is especially true for 
populations that have undergone strong decrease in population size, such as caused 
by habitat loss, which increases genetic drift (Ellstrand and Elam 1993). Moreover, 
differences between populations can also be caused by the emergence of new alleles 
resulting from mutation (Coyne and Orr 2004).  
Mitochondrial genes are fast evolving, up to nine times the nuclear ones (DeSalle et 
al. 1987, Moriyama and Powell 1997, Monteiro and Pierce 2001, Lin and Danforth 
2004), making them ideal for studying microevolutionary processes. Fossils are used 
to calibrate molecular clocks, which in turn, take into consideration mutation rates to 
estimate divergence time between lineages (Thomas et al. 2006). Studies estimating 
mitochondrial mutation rate in different vertebrate and invertebrate phyla have shown 
no values that could be applied to calibrate molecular clocks across all metazoans 
(Thomas et al. 2006). For vertebrates, faster molecular evolution has been correlated 
with smaller body size and higher metabolic rates (Martin and Palumbi 1993). The third 
codon position of the mitochondrial gene cytochrome b has revealed to be renewed 
 177 
 
every 1-2 Myr year(s) in fast evolving mammals (Nabholz et al. 2008). However, the 
study  of Nabholz et al. (2008) did not include any species of the Phylum Nematoda. 
Although there is no evidence for the correlation between body size and higher 
evolution rate in invertebrates (Thomas et al. 2006), and estimation of molecular clocks 
in nematodes can be very challenging because of the lack of a fossil register (Dorris et 
al. 1999), nematodes are known as fast evolving compared to other invertebrate phyla 
(Aguinaldo et al. 1997, Coghlan 2005). 
Nematodes are species diverse and can have contrasting life histories, from few days 
generation time in the Litoditis marina species complex to annual/semi-annual in 
Thoracostoma  trachygaster (Derycke et al. 2010a). Information on overall mutation 
rate is available for two model organisms Pristionchus pacificus and Caenorhabditis 
elegans, both hermaphrodites with a life cycle of about 4 days at 20 °C. A study 
scanning the mitochondrial genome of P. pacificus estimated an overall mutation rate 
of 7.6 X 10-8 per site per generation, or based on a 4 days generation time, about 7.6 
mutations per site per Myr (Molnar et al. 2011) while C. elegans has a slightly higher 
mitochondrial mutation rate of 9.7 X 10-8 mutations per site per generation, or about 
8.9 per site per Myr (Denver et al. 2000). Therefore, nematode populations that are 
isolated (no gene flow) in a time scale of 1 Myr are expected to exhibit a number 
different haplotypes that are not shared as a result of mutation. 
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5.4.1. The fourth main question to answer: Will the distances and the opposite 
sea currents function as a biogeographic barrier and cause genetic breaks over 
large distances?  
Because of the high mutation rate of mitochondrial DNA, the observation of large 
population genetic structuring in nematodes for distances inferior to 100 km (Derycke 
et al. 2007a) and the presence of a known geographical barrier, we expected to find in 
our study a substantial genetic structuring along more than 1000 km coastline. 
However, we found little genetic structure in the new epiphytic species 
Paracanthonchus gynodiporata we investigated This result was unexpected as gene 
flow at those distances are supposedly limited as nematodes lack planktonic larvae 
that could be passively dispersed by water currents (Derycke et al. 2013). Moreover, 
speciation rate might be higher in tropical areas (Allen et al. 2006) which could have 
been another factor contributing to differences between populations. The four locations 
studied were grouped per two according to the two major sea currents they were 
influenced by but apparently the latter did not represent a biogeographical barrier 
preventing genetic flow.  
Nematodes can passively disperse over at least a 100 km distance using drifting 
seaweeds (Derycke et al. 2013). However, considering that in the current contribution, 
the distances between seaweed beds ranged from 167 to 1045 km and little genetic 
structure was found, this might indicate that nematodes associated with seaweed can 
exceed a distance of more than 1000 km in tropical areas. Although this kind of 
dispersal could be true for sites under the same major sea current, it does not explain 
the dominance of a single haplotype (Hellberg et al. 2002) (C8) and how a number of 
shared haplotypes (e.g. C7, PV2) occurred between extreme sites under opposite sea 
currents.  
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Nematodes have been recorded associated with sea turtle shells for example the 
genus Paracanthonchus (Corrêa 2012, Corrêa et al. 2014). Sea turtles occurred in the 
studied locations and are known to be able to overcome long distances. When the sea 
turtle forages between seaweed beds, nematodes could become associated and 
transported from one location to another (Bjorndal 1985). Alternatively, the dominant 
haplotype C8 (average 77% ± 8 abundance) present in the four studied populations in 
the northeastern coast of Brazil, could have been selected in the studied locations. 
However, it is unlikely that the same haplotype would have been independently 
selected four times (four studied locations).  
Although 17 haplotypes were found, the number of haplotypes per location did not 
exceed 6, showing very few mutations between them (1 to 6 base pairs), resulting in a 
star-like haplotype network without any biogeographical subdivision. This suggests 
that the four P. gynodiporata n. sp. populations are young and did not accumulate 
enough mutations to differentiate between populations. Sea currents change over 
geological time inducing changes in biogeographical barriers. The Central America 
Seaway was gradually narrowing and ending around 2.7 Myr ago. Before the closure 
of this way, the North Brazil Current to flowed SE which is the opposite direction 
observed nowadays (Heinrich and Zonneveld 2013). It is possible that during the 
period of the Central America Seaway those communities were connected and 
dispersal occurred passively via seaweed drift.  
The D2D3 and 18S sequences of all individuals of P. gynodiporata populations were 
identical between the locations of Cupe-PE and P. Verde-AL which are more than 165 
km apart. It shows an overall conserved genotype over large distances. Moreover, it 
suggests that nematode dispersal capacity might be much higher than previously 
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expected and that provided enough time, the genetic diversity of nematode associated 
with seaweeds can be restored.  
Our hypothesis related to the main question 4) “genetic differentiation as a result of 
long term isolation among nematode populations would be found”, could be rejected.  
 
5.4.2. A plea for integrative taxonomy in marine nematodes 
Although genotypes in P. gynodiporata sp. n. populations were conserved, the 
phenotypes between the populations varied considerably, which contrasts with what is 
generally expected for marine nematodes in view of the substantial presence of cryptic 
speciation (Derycke et al. 2005, Derycke et al. 2007a, Apolônio Silva De Oliveira et al. 
2012). It has already been observed in bioassays that the quality and the amount of 
the food can affect the morphometrics of specimens within a single species (Fonderie 
et al. 2013) and even the phenotype such as the absence or presence of teeth in the 
same nematode species (Kiontke and Fitch 2010), but this has rarely been observed 
directly in nature. It can make species description solely based on morphology e.g. 
based on structures such as stoma armature, at times, misleading. Within the genus 
Paracanthonchus, there is substantial variation in morphological characters, and 
important characters are not mentioned in some species descriptions (Miljutina and 
Miljutin 2015). That is the case for the ventrosublateral teeth which vary in number and 
presence in the genus. The genus Paracanthonchus exhibits also a variety of 
gubernaculum shapes and structures (e.g. presence/absence of denticles, crura 
ridge), and a variable number of precloacal supplements, which in some cases, are 
difficult to interpret (e.g. reduced precloacal supplement(s) closest to the cloacal 
opening).  
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Accurate interpretation and the combination of characters, could provide a more  
reliable way to differentiate Paracanthonchus species when molecular data are not 
available. In our work we have reconstructed a detailed 3D view of the head region of 
P. gynodiporata sp. n. showing the presence and disposition of minute ventrosublateral 
teeth that are less visible in lateral view, and could have been ignored in previous 
species descriptions within the genus. The 3D reconstruction of taxonomically 
important characters has been used before to discriminate between cryptic species 
(Apolônio Silva De Oliveira et al. 2012), which by conventional lateral view with light 
microscopy, would not have been possible. It shows that at different angles the same 
or perhaps other anatomical structures not considered diagnostic features in the 
literature, may provide extra and relevant morphological information to be integrated 
in species description. The same integrative approach (combining morphology with 
diverse molecular data), used in the current study for free-living marine nematodes, 
could also be applied to other species across the phylum. Finally, integrative taxonomy 
can potentially help researchers to select a set of characters to support species 
delimitation, which is an issue in the grey zone of independently evolving lineages (De 
Queiroz 1998, 1999, 2005). 
   
5.5. General conclusion  
In sum, we demonstrated that 1) nematode assemblages associated with seaweeds 
are very diverse. In tropical regions nematode differences, if any, between algal 
substrates may be barely perceptible, and nematode assemblages may vary little 
throughout the year. It is the first time that the amount of sediment retained by the 
seaweed and its effect on nematode assemblage was tested directly. We showed that 
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the accumulation of sediment affected specific genera but no overall effect in 
nematode density was observed.  
2) Nematodes may exhibit preferences for a substrate, in some cases, occurring either 
in seaweeds or sediment. In the eight locations along 3000 km coastline, similarity 
between epiphytic nematode assemblages was higher compared to the ones in 
sediment. Although more data is necessary, epiphytic nematode assemblages may 
not be simply a subset of those found in the sediment. It suggests that nematode 
assemblages found in the sediment may not completely restore the diversity found on 
seaweeds upon disturbance, and part of the epiphytic diversity may come from other 
seaweed beds. 
3) Nematodes appear to be capable of overcoming known biogeographical barriers 
over more than 1000 km, and no evidence for effect of seaweed harvesting was 
observed on genetic diversity. Provided that the habitat loss caused by intense 
seaweed harvesting affected epiphytic nematode population structure, in a long term 
(≈10 years), marine epiphytic nematode populations may stabilize over time and 
disturbance may no longer be detectable, as observed for P. gynodiporata sp. n.  This 
is one of the few studies evaluating historical human mediated impact on marine 
nematode populations at genetic level. Moreover, this is one of the very few 
demonstrating that in natural populations, genotypes can be very conserved while 
phenotypes can substantially vary. It shows that cryptic species are not omnipresent 
in free-living marine nematodes.  
4) Despite the difficulty of interpreting some morphological characters in the literature, 
we could differentiate our new species by the presence of pre- and post advulvar pores 
flanking the vulva in females, and by the gubernaculum with a crura ridge with adorsal 
thorn and lateral protuberance in males. Additionally, the use of 3D reconstruction 
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provided us a comprehensive detailed representation of the head morphology using 
light microscopy. This is a relatively cheap and accessible technique and can be used 
to support morphological differences between species.  
 
5.6. Future perspectives 
We have provided some relevant information on phytal nematode assemblages, 
population genetics of one species, and discussed the possible impact of historical 
harvesting. However, more information is necessary to draw stronger conclusions 
about the effect of seaweed exploitation on nematode assemblages. Our study was 
performed about 10 years after seaweed harvesting on the natural seaweed bed has 
stopped. Ideally, samples before and after seaweed harvesting would provide direct 
information on how diversity and haplotype frequencies respond to this specific human 
activity. Because nematodes may exhibit high colonization turnover at ecological time 
scales, short term experiments would be necessary to address how nematode 
assemblages from seaweeds and sediment behave in terms of macroalgae 
recolonization. Moreover, to clarify whether nematodes typically found in sediment or 
on seaweeds differ in dispersal capacity, more sequences from different nematode 
species from both substrates are necessary to estimate population genetic structuring. 
There are two main points that are considered harmful to organisms present on 
macrophytal beds in literature (including seagrasses): 1) seaweed farms that shade 
the natural bed decrease the biomass and abundances of the natural flora and fauna 
(Eklöf et al. 2005); and 2) if farming areas are accessible on foot, the local infauna may 
suffer from trampling (Lyimo et al. 2008). Therefore, we would recommend to avoid 
such farming conditions. None of the obtained samples in our study were under those 
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farming conditions. The technique used consisted of floating ropes where seaweeds 
were attached to. They were far from the natural bed and only accessible by boat. In 
the future, it would be worthwhile to look at different farm methods and their effect on 
epiphytic and infaunal assemblages. In this way, we could answer the question 
whether different farming methods have negative, neutral or even positive effects on 
local nematode assemblages or meiofauna communities. 
Because of the geographical gap between the two main regions (Northeast and South-
Southeast) samples between those two regions, including environmental data such as 
granulometry, would improve our knowledge on nematode biodiversity in a latitudinal 
profile. It would be important to design specific primers to obtain sequences from the 
most widespread nematode species in our study, Chromadora macrolaimoides, which 
would provide a broader view of population genetic structuring covering an area three 
times larger than Paracanthonchus gynodiporata sp. n. Finally, the development of 
sequence libraries (databases) would be useful to estimate biodiversity and the effects 
of human activities in shallow water ecosystems. 
  
 
 
 
 
 
 
 
 
List of publications and contributions 
 
 
 186 
 
Publications in SCI-indexed journals 
Apolônio Silva de Oliveira D, Decraemer W, Holovachov O, Burr J, De Ley IT, De Ley 
P, Moens T, Derycke S. 2012. An integrative approach to characterize cryptic species 
in the Thoracostoma trachygaster Hope, 1967 complex (Nematoda: Leptosomatidae). 
Zoological Journal of the Linnean Society: 164, 18–35.  
Apolônio Silva de Oliveira D, Derycke S, Da Rocha CMC, Barbosa DF, Decraemer W, 
Dos Santos GAP. 2016.  Spatiotemporal variation and sediment retention effects on 
nematode communities associated with Halimeda opuntia (Linnaeus) Lamouroux 
(1816) and Sargassum polyceratium Montagne (1837) seaweeds in a tropical phytal 
ecosystem. Marine Biology 163:102. 
Apolônio Silva de Oliveira D, Decraemer W, Moens T, Dos Santos GAP, Derycke S. 
Low genetic but high morphological variation over more than 1000 km coastline refutes 
omnipresence of cryptic diversity in marine nematodes. BMC evolutionary Biology 
(under review) 
Dos Santos GAP, Corrêa GV, Apolônio Silva de Oliveira D, G Fonsêca-Genevois VG, 
Vazquez YV, Siva AC, Pontes LP, Dolan E, Ingels J. Eretmochelys imbricata shells 
present a dynamic substrate for a facilitative epibiont relationship between macrofauna 
richness and nematode diversity, structure and function. Experimental Marine Biology 
and Ecology (under review) 
 
 
 
 187 
 
Other publications 
Apolônio Silva de Oliveira D, Dos Santos GAP, Derycke S, Moens T, Decraemer W. 
2014. Biodiversity and connectivity of marine nematodes associated with algae from 
two tropical beaches. Journal of nematology 46:152-152. 
 
Active contributions 
Third European Conference for the Barcode of Life (ECBOL3) 17-21 September 2012, 
Brussels - Belgium. Oral presentation. “An integrative approach to characterize cryptic 
species in the Thoracostoma trachygaster Hope, 1967 complex (Nematoda: 
Leptosomatidae). Apolônio Silva de Oliveira D, Decraemer W, Holovachov O, Burr J, 
De Ley IT, De Ley P, Moens T, Derycke S.” 
 
6th International Congress of Nematology, 4 to 9 May 2014, in Cape Town – South 
Africa. Oral presentation. Section: Nematode Biodiversity. “Biodiversity and 
connectivity of marine nematodes associated with algae from two tropical beaches 
Apolônio Silva de Oliveira D, Dos Santos GAP, S. Derycke S, Moens T, Decraemer 
W” 
 
5º Brazilian Congress of Marine Biology (5º CBBM) 17  to 21 de maio de 2015,– Brazil.  
Poster.  “Efeito letal de bário sobre as populações de nematóides de vida livre Litoditis 
marina em estarvação. Luna CA, Apolônio Silva de Oliveira D, Souza PO, Dos Santos 
GAP” 
 188 
 
Poster. “Nematóides de vida livre e suas interações com a macrofauna em cascos de 
Eretmochelys imbricata. Dos Santos GAP, Corrêa G, Silva D, Spagnolo G, Apolônio 
Silva de Oliveira D”  
 
32nd Symposium of the European Society of Nematologists (ESN) 2016 in Braga, 
Protugal from, 28 August to 1 September, Oral presentation. “A marine epiphytic 
nematode (Cyatholaimidae) revels low genetic structure but significant morphological 
variation over more than 1000 km coast line”  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
  
 
 191 
  
Abebe E, Andrássy I, Traunspurger W. 2006. Freshwater nematodes: ecology and 
taxonomy. CABI. 
Adams BJ. 1998. Species concepts and the evolutionary paradigm in modem 
nematology. Journal of nematology 30: 1. 
Agardh CA. 1823. Species algarum rite cognitae: cum synonymis, differentiis 
specificis et descriptionibus succinctis. sumtibus E. Mavritii. 
Aguilar A, Roemer G, Debenham S, Binns M, Garcelon D, Wayne RK. 2004. High 
MHC diversity maintained by balancing selection in an otherwise genetically 
monomorphic mammal. Proceedings of the National Academy of Sciences of 
the United States of America 101: 3490-3494. 
Aguinaldo AMA, Turbeville JM, Linford LS, Rivera MC, Garey JR, Raff RA, Lake 
JA. 1997. Evidence for a clade of nematodes, arthropods and other moulting 
animals. Nature 387: 489-493. 
Aitken J, Senn T. 1965. Seaweed products as a fertilizer and soil conditioner for 
horticultural crops. Botanica Marina 8: 144-147. 
Allen AP, Brown JH, Gillooly JF. 2002. Global biodiversity, biochemical kinetics, and 
the energetic-equivalence rule. science 297: 1545-1548. 
Allen AP, Gillooly JF, Savage VM, Brown JH. 2006. Kinetic effects of temperature 
on rates of genetic divergence and speciation. Proceedings of the National 
Academy of Sciences 103: 9130-9135. 
Almeida E, Barbirato GM. 2004. A Morfologia Urbana Como Determinante de 
Variações Climáticas Locais: estudo comparativo das orlas marítima e lagunar 
de Maceió–AL ENCONTRO NACIONAL DE TECNOLOGIA DO AMBIENTE 
CONSTRUÍDO. São Paulo, Brazil. 
 192 
  
Almeida LGd. 2010. Caracterização das áreas de pesca artesanal de lagosta na Praia 
da Redonda, Icapuí-Ce. Master thesis, Federal University of Ceará. 
Alves A, Caetano A, Costa J, Costa M, Marques J. 2015. Estuarine intertidal 
meiofauna and nematode communities as indicator of ecosystem's recovery 
following mitigation measures. Ecological Indicators 54: 184-196. 
Angulo RJ, Lessa GC, Souza MCd. 2006. A critical review of mid- to late-Holocene 
sea-level fluctuations on the eastern Brazilian coastline. Quaternary Science 
Reviews 25: 486-506. 
Anway MD, Cupp AS, Uzumcu M, Skinner MK. 2005. Epigenetic transgenerational 
actions of endocrine disruptors and mate fertility. science 308: 1466-1469. 
Apolônio Silva De Oliveira D. 2016. Biodiversity and connectivity of the nematofauna 
for sustainable management of exploited macroalgal communities along the 
Brazilian coast. Ghent University. 
Apolônio Silva De Oliveira D, Decraemer W, Holovachov O, Burr J, Tandingan De 
Ley I, De Ley P, Moens T, Derycke S. 2012. An integrative approach to 
characterize cryptic species in the Thoracostoma trachygaster Hope, 1967 
complex (Nematoda: Leptosomatidae). Zoological Journal of the Linnean 
Society 164: 18-35. 
Arasaki M, Arasaki T. 1978. Compilation of stories on algae: Tokai University Press, 
Tokyo (in Japanese). 
Araujo GS, Rodrigues JAG. 2011. Maricultura da alga marinha vermelha Gracilaria 
birdiae em Icapuí, Ceará. Arquivos de Ciência do Mar 44. 
Araujo HMP. 2006. Distribution of Paracalanidae species (Copepoda, Crustacea) in 
the continental shelf off Sergipe and Alagoas states, Northeast Brazil. Brazilian 
Journal of Oceanography 54: 173-181. 
 193 
  
Armenteros M, Pérez-García JA, Ruiz-Abierno A, Díaz-Asencio L, Helguera Y, 
Vincx M, Decraemer W. 2010. Effects of organic enrichment on nematode 
assemblages in a microcosm experiment. Marine Environmental Research 70: 
374-382. 
Armenteros M, Ruiz-Abierno A, Sosa Y, Pérez-García JA. 2012. Habitat 
heterogeneity effects on macro-and meiofauna (especially nematodes) in Punta 
Francés coral reef (SW Cuban Archipelago). Revista de Investigaciones 
Marinas 32: 50-61. 
Armisen R. 1995. World-wide use and importance of Gracilaria. Journal of Applied 
Phycology 7: 231-243. 
Arroyo N, Maldonado M, Pérez-Portela R, Benito J. 2004. Distribution patterns of 
meiofauna associated with a sublittoral Laminaria bed in the Cantabrian Sea 
(north-eastern Atlantic). Marine Biology 144: 231-242. 
Arroyo NL, Aarnio K, Bonsdorff E. 2006. Drifting algae as a means of re-colonizing 
defaunated sediments in the Baltic Sea. A short-term microcosm study. 
Hydrobiologia 554: 83-95. 
Arroyo NL, Aarnio K, Ólafsson E. 2007. Interactions between two closely related 
phytal harpacticoid copepods, asymmetric positive and negative effects. Journal 
of Experimental Marine Biology and Ecology 341: 219-227. 
Astrin JJ, Zhou X, Misof B. 2013. The importance of biobanking in molecular 
taxonomy, with proposed definitions for vouchers in a molecular context. 
ZooKeys 365: 67-70. 
Athersuch J. 1979. The ecology and distribution of the littoral ostracods of Cyprus. 
Journal of Natural History 13: 135-160. 
 194 
  
Atilla N, Fleeger JW, Finelli CM. 2005. Effects of habitat complexity and 
hydrodynamics on the abundance and diversity of small invertebrates colonizing 
artificial substrates. Journal of Marine Research 63: 1151-1172. 
Atilla N, Wetzel MA, Fleeger JW. 2003. Abundance and colonization potential of 
artificial hard substrate-associated meiofauna. Journal of Experimental Marine 
Biology and Ecology 287: 273-287. 
Avise J, Ball R. 1990. Principles of genealogical concordance in species concepts 
and biological taxonomy. Oxford Surveys in Evolutionary Biology 7: 7. 
Avise JC, Walker D. 1999. Species realities and numbers in sexual vertebrates: 
perspectives from an asexually transmitted genome. Proceedings of the 
National Academy of Sciences 96: 992-995. 
Avise JC, Walker D. 2000. Abandon all species concepts? A response. Conservation 
Genetics 1: 77-80. 
Baer J, Stengel DB. 2010. Variability in growth, development and reproduction of the 
non-native seaweed Sargassum muticum (Phaeophyceae) on the Irish west 
coast. Estuarine, Coastal and Shelf Science 90: 185-194. 
Ballard J, Whitlock M. 2004. The incomplete natural history of mitochondria. 
Molecular Ecology 13. 
Ballard JWO, Melvin RG, Katewa SD, Maas K. 2007. Mitochondrial DNA variation is 
associated with measurable differences in life‐history traits and mitochondrial 
metabolism in Drosophila simulans. Evolution 61: 1735-1747. 
Bandelt H-J, Forster P, Röhl A. 1999. Median-joining networks for inferring 
intraspecific phylogenies. Molecular biology and evolution 16: 37-48. 
 195 
  
Bank C, Ewing GB, Ferrer-Admettla A, Foll M, Jensen JD. 2014. Thinking too 
positive? Revisiting current methods of population genetic selection inference. 
Trends in Genetics 30: 540-546. 
Barcellos RL, Furtado VV. 1999. Processo sedimentar atual e a distribuição de 
carbono e nitrogênioorgânicós no Canal de São Sebastião (SP) e. Revista 
Brasileira de Oceanografia 47: 207-221. 
Barker FK, Cibois A, Schikler P, Feinstein J, Cracraft J. 2004. Phylogeny and 
diversification of the largest avian radiation. Proceedings of the National 
Academy of Sciences of the United States of America 101. 
Barreto AMF, Bezerra FHR, Suguio K, Tatumi SH, Yee M, Paiva RP, Munita CS. 
2002. Late Pleistocene marine terrace deposits in northeastern Brazil: sea-level 
change and tectonic implications. Palaeogeography, Palaeoclimatology, 
Palaeoecology 179: 57-69. 
Barros AHC, Araújo Filho JsCd, da Silva AB, Santiago GACF. 2012. Climatologia 
do Estado de Alagoas Boletim de Pesquisa e Desenvolvimento 211. Recife, 
Pernambuco, Brazil: EMBRAPA. 
Bartlett JM, Stirling D. 2003. A short history of the polymerase chain reaction. PCR 
protocols: 3-6. 
Bastos RB, do Nascimento Feitosa FA, Koening ML, de Assis Machado RC, 
Muniz K. 2011. Caracterização de uma zona costeira tropical (Ipojuca-
Pernambuco-Brasil): Produtividade fitoplanctônica e outras variáveis 
ambientais. Brazilian Journal of Aquatic Science and Technology 15: 1-10. 
Bazin E, Duret L, Penel S, Galtier N. 2005. Polymorphix: a sequence polymorphism 
database. Nucleic Acids Research 33. 
 196 
  
Bazin E, Glemin S, Galtier N. 2006. Population size does not influence mitochondrial 
genetic diversity in animals. science 312. 
Begon M, Townsend CRH, John L, Colin RT, John LH. 2006. Ecology: from 
individuals to ecosystems. 
Bell SS, Sherman K. 1980. A field investigation of meiofaunal dispersal: tidal 
resuspension and implications. Marine Ecology-Progress Series 3: 245. 
Bell SS, Walters K, Kern J. 1984. Meiofauna from seagrass habitats: a review and 
prospectus for future research. Estuaries 7: 331-338. 
Bellanger F, Verdus MC, Henocq V, Christiaen D. 1990. Determination of the 
composition of the fibrillar part of Gracilaria verrucosa (Gracilariales, 
Rhodophyta) cell wall in order to prepare protoplasts. Hydrobiologia 204: 527-
531. 
Bergman KC, Svensson S, Öhman MC. 2001. Influence of algal farming on fish 
assemblages. Marine Pollution Bulletin 42: 1379-1389. 
Berkström C, Gullström M, Lindborg R, Mwandya AW, Yahya SA, Kautsky N, 
Nyström M. 2012. Exploring ‘knowns’ and ‘unknowns’ in tropical seascape 
connectivity with insights from East African coral reefs. Estuarine, Coastal and 
Shelf Science 107: 1-21. 
Berlin S, Ellegren H. 2001. Evolutionary genetics. Clonal inheritance of avian 
mitochondrial DNA. Nature 413. 
Berlin S, Tomaras D, Charlesworth B. 2007. Low mitochondrial variability in birds 
may indicate Hill-Robertson effects on the W chromosome. Heredity 99. 
Bermingham E, Rohwer S, Freeman S, Wood C. 1992. Vicariance biogeography in 
the Pleistocene and speciation in North American wood warblers: a test of 
 197 
  
Mengel's model. Proceedings of the National Academy of Sciences of the 
United States of America 89. 
Biber PD. 2007. Hydrodynamic transport of drifting macroalgae through a tidal cut. 
Estuarine, Coastal and Shelf Science 74: 565-569. 
Bickford D, Lohman DJ, Sodhi NS, Ng PK, Meier R, Winker K, Ingram KK, Das I. 
2006. Cryptic species as a window on diversity and conservation. Trends in 
Ecology & Evolution 22: 148-155. 
Björk M, Mohammed S, Björklund M, Semesi A. 1995. Coralline algae, important 
coral-reef builders threatened by pollution. 
Bjorndal KA. 1985. Nutritional ecology of sea turtles. Copeia: 736-751. 
Blair CP, Abrahamson WG, Jackman JA, Tyrrell L. 2005. Cryptic speciation and 
host‐race formation in a purportedly generalist tumbling flower beetle. Evolution 
59: 304-316. 
Blaxter ML. 2004. The promise of a DNA taxonomy. Philosophical Transactions of the 
Royal Society of London B: Biological Sciences 359: 669-679. 
Boeckner MJ, Sharma J, Proctor H. 2009. Revisiting the meiofauna paradox: 
dispersal and colonization of nematodes and other meiofaunal organisms in 
low-and high-energy environments. Hydrobiologia 624: 91-106. 
Boehm J, Woodall L, Teske PR, Lourie SA, Baldwin C, Waldman J, Hickerson M. 
2013. Marine dispersal and barriers drive Atlantic seahorse diversification. 
Journal of Biogeography 40: 1839-1849. 
Bongers T, Bongers M. 1998. Functional diversity of nematodes. Applied Soil 
Ecology 10: 239-251. 
 198 
  
Borgonie G, García-Moyano A, Litthauer D, Bert W, Bester A, van Heerden E, 
Möller C, Erasmus M, Onstott T. 2011. Nematoda from the terrestrial deep 
subsurface of South Africa. Nature 474: 79-82. 
Bos AR, Clark S, Gore S. 2003. Preliminary observations on habitat use of juvenile 
Caribbean spiny lobster (Panulirus argus) in South Caicos, Turks & Caicos 
Islands. Proceedings of the Gulf and Caribbean Fisheries Institute: Gulf and 
Caribbean Fisheries Institute, 230-240. 
Bossdorf O, Richards CL, Pigliucci M. 2008. Epigenetics for ecologists. Ecology 
letters 11: 106-115. 
Bracken ME, Gonzalez-Dorantes CA, Stachowicz JJ. 2007. Whole‐community 
mutualism: Associated invertebrates facilitate a dominant habitat‐forming 
seaweed. Ecology 88: 2211-2219. 
Brawley S, Adey W. 1981. The effect of micrograzers on algal community structure in 
a coral reef microcosm. Marine Biology 61: 167-177. 
Brewer D, Blaber S, Salini J, Farmer M. 1995. Feeding ecology of predatory fishes 
from Groote Eylandt in the Gulf of Carpentaria, Australia, with special reference 
to predation on penaeid prawns. Estuarine, Coastal and Shelf Science 40: 577-
600. 
Bromham L, Rambaut A, Harvey P. 1996. Determinants of rate variation in 
mammalian DNA sequence evolution. Journal of Molecular Evolution 43. 
Brown A. 2012. Ocean acidification: Flourishing seaweed. Nature Climate Change 2: 
486-486. 
Brown DD, Knowlton RG, Sanjabi PB, Szurgot BT. 1993. Re-examination of the 
incidence of exercise-induced hypoxaemia in highly trained subjects. Br J 
Sports Med 27: 167-170. 
 199 
  
Brown J, Lomolino M. 1998. Biogeography. sinauer. Sunderland, MA: 1-624. 
Brown PJ, Taylor RB. 1999. Effects of trampling by humans on animals inhabiting 
coralline algal turf in the rocky intertidal. Journal of Experimental Marine Biology 
and Ecology 235: 45-53. 
Brown WM, George M, Wilson AC. 1979. Rapid evolution of animal mitochondrial 
DNA. Proceedings of the National Academy of Sciences of the United States of 
America 76. 
Brüggemann J. 2012. Nematodes as live food in larviculture–a review. Journal of the 
World Aquaculture Society 43: 739-763. 
Bush GL. 1975. Modes of animal speciation. Annual review of ecology and 
systematics: 339-364. 
Câmara Neto C. 1987. Seaweed culture in Rio Grande do Norte, Brazil. Twelfth 
International Seaweed Symposium: Springer, 363-367. 
Carr MH, Neigel JE, Estes JA, Andelman S, Warner RR, Largier JL. 2003. 
Comparing marine and terrestrial ecosystems: implications for the design of 
coastal marine reserves. Ecological Applications: S90-S107. 
Carson MT, Peterson JA. 2012. Radiocarbon dating of algal bioclasts in beach sites 
of Guam. The Journal of Island and Coastal Archaeology 7: 64-75. 
Carvalho J, Schettini C, Ribas T. 1998. Estrutura termohalina do litoral centro-norte 
catarinense. Brazilian Journal of Aquatic Science and Technology 2: 181-197. 
CARVALHO J, Schettini C, Ribas T. 2010. Estrutura termohalina do litoral centro-
norte catarinense. Brazilian Journal of Aquatic Science and Technology 2: 181-
197. 
Castresana J. 2001. Cytochrome b phylogeny and the taxonomy of great apes and 
mammals. Molecular biology and evolution 18. 
 200 
  
Castro CBe. 2000. Avaliação e ações prioritárias para a conservação da 
biodiversidade da zona costeira e marinha. Federal University of Rio de Janeiro. 
Cebrian J. 1999. Patterns in the fate of production in plant communities. The American 
Naturalist 154: 449-468. 
Chabot CL, Espinoza M, Mascareñas‐Osorio I, Rocha‐Olivares A. 2015. The effect 
of biogeographic and phylogeographic barriers on gene flow in the brown 
smoothhound shark, Mustelus henlei, in the northeastern Pacific. Ecology and 
evolution 5: 1585-1600. 
Chakraborty R, Nei M. 1977. Bottleneck effects on average heterozygosity and 
genetic distance with the stepwise mutation model. Evolution: 347-356. 
Chaves N. 1991. Mapeamento do Quaternário Costeiro ao Sul do Recife-PE (área 4 
Porto de Galinhas a Guadalupe). UPE. 
Chaves QLdSG. 2012. Sedimentos e macroalgas como bioindicadores de metais 
traço em dois trechos do litoral oeste do Ceará-Brasil. Master thesis, Federal 
University of Ceará. 
Chiarello AG. 1999. Effects of fragmentation of the Atlantic forest on mammal 
communities in south-eastern Brazil. Biological Conservation 89: 71-82. 
Chung IK, Oak JH, Lee JA, Shin JA, Kim JG, Park K-S. 2013. Installing kelp 
forests/seaweed beds for mitigation and adaptation against global warming: 
Korean Project Overview. ICES Journal of Marine Science: Journal du Conseil: 
fss206. 
Clarke K, Gorley R. 2006. PRIMER v6: user manual/tutorial (Plymouth routines in 
multivariate ecological research). Plymouth: Primer-E Ltd. 
 201 
  
Clemente R, Hartley W, Riby P, Dickinson NM, Lepp NW. 2010. Trace element 
mobility in a contaminated soil two years after field-amendment with a 
greenwaste compost mulch. Environmental Pollution 158: 1644-1651. 
Coelho-Souza SA, López MS, Guimarães JRD, Coutinho R, Candella RN. 2012. 
Biophysical interactions in the Cabo Frio upwelling system, Southeastern Brazil. 
Brazilian Journal of Oceanography 60: 353-365. 
Coghlan A. 2005. Nematode genome evolution. WormBook 2005: 1-15. 
Collin R. 2001. The effects of mode of development on phylogeography and 
population structure of North Atlantic Crepidula (Gastropoda: Calyptraeidae). 
Molecular Ecology 10: 2249-2262. 
Colson I, Hughes RN. 2004. Rapid recovery of genetic diversity of dogwhelk (Nucella 
lapillus L.) populations after local extinction and recolonization contradicts 
predictions from life‐history characteristics. Molecular Ecology 13: 2223-2233. 
Commito JA, Tita G. 2002. Differential dispersal rates in an intertidal meiofauna 
assemblage. Journal of Experimental Marine Biology and Ecology 268: 237-
256. 
Conrad J. 1976. Sand grain angularity as a factor affecting colonization by marine 
meiofauna. VIE ET MILIEU SERIE B-OCEANOGRAPHIE 26: 181-198. 
Convention of Biological Diversity. 
https://www.cbd.int/convention/articles/default.shtml?a=cbd-02. 
Accessed in 06/11/2016. 
Cook BD, Bunn SE, Hughes JM. 2007. Molecular genetic and stable isotope 
signatures reveal complementary patterns of population connectivity in the 
regionally vulnerable southern pygmy perch (Nannoperca australis). Biological 
Conservation 138: 60-72. 
 202 
  
Coomans A. 2002. Present status and future of nematode systematics. Nematology 
4: 573-582. 
Corrêa G. 2012. Associações entre epibiontes e cascos de tartarugas marinhas do 
litoral de Ipojuca-Pernambuco-Brasil, com ênfase na meiofauna e nematofauna 
de vida-livre. Federal University of Pernambuco. 
Corrêa G, Ingels J, Valdes Y, Fonsêca-Genevois V, Farrapeira C, Santos G. 2014. 
Diversity and composition of macro-and meiofaunal carapace epibionts of the 
hawksbill sea turtle (Eretmochelys imbricata Linnaeus, 1822) in Atlantic waters. 
Marine Biodiversity 44: 391-401. 
Costa R, Matias L, Di Souza L, Salles M. 2012. Serviços ambientais do banco de 
algas marinhas do município de Icapuí (CE): proposta de ordenamento da 
utilização dos recursos naturais, I Seminário Nacional de Gestão Sustentável 
de Ecossistemas Aquáticos: Complexidade, Interatividade e 
Ecodesenvolvimento. COPPE/UFRJ. 151-156. 
Costa RFd, Salles MCT, Matias LGdO. 2011. Cultivando algas marinhas e valores 
para o desenvolvimento de uma comunidade costeira no municipio de 
Icapuí/CE Resumos do VII Congresso Brasileiro de Agroecologia Fortaleza. 
Cottingham K, Brown B, Lennon J. 2001. Biodiversity may regulate the temporal 
variability of ecological systems. Ecology letters 4: 72-85. 
Couceiro L, Maneiro I, Ruiz JM, Barreiro R. 2011. Multiscale genetic structure of an 
endangered seaweed Ahnfeltiopsis pusilla (Rhodophyta): Implications for its 
conservation. Journal of phycology 47: 259-268. 
Coull B, Creed E, Eskin R, Montagna P, Palmer M, Wells J. 1983. Phytal Meiofauna 
from the Rocky Intertidal at Murrells Inlet, South Carolina/Colman, J. 1940. On 
 203 
  
the fauna inhabiting intertidal seaweeds. J. Mar. Biol. Assoc. UK, 24: 129-183. 
Transactions of the American Microscopical Society: 380-389. 
Coull B, Vernberg W. 1975. Reproductive periodicity of meiobenthic copepods: 
Seasonal of continuous? Marine Biology 32: 289-293. 
Coull BC, Wells J. 1983. Refuges from fish predation: experiments with phytal 
meiofauna from the New Zealand rocky intertidal. Ecology 64: 1599-1609. 
Cowen RK, Lwiza KM, Sponaugle S, Paris CB, Olson DB. 2000. Connectivity of 
marine populations: open or closed? science 287: 857-859. 
Coyne JA, Orr HA. 2004. Speciation. Sinauer Associates Sunderland, MA. 
Craig MT, Fodrie FJ, Allen LG, Chartier LA, Toonen RJ. 2011. Discordant 
phylogeographic and biogeographic breaks in California halibut. Bulletin, 
Southern California Academy of Sciences 110: 141-151. 
Crews D, Gore AC, Hsu TS, Dangleben NL, Spinetta M, Schallert T, Anway MD, 
Skinner MK. 2007. Transgenerational epigenetic imprints on mate preference. 
Proceedings of the National Academy of Sciences 104: 5942-5946. 
Cronquist A. 1978. Once again, what is a species? Symposium on Biosystematics in 
Agriculture. Beltsville, Md.(USA). 8-11 May 1977. 
Curvelo RR, Corbisier TN. 2000. The meiofauna asssociated whith Sargassum 
cymosum at Lázaro Beach, Ubatuba, São Paulo. Revista Brasileira de 
Oceanografia 48: 119-130. 
D’Agostini A, Gherardi DFM, Pezzi LP. 2015. Connectivity of Marine Protected Areas 
and Its Relation with Total Kinetic Energy. PloS one 10: e0139601. 
da Fonsêca-Genevois V, Somerfield PJ, Neves MHB, Coutinho R, Moens T. 2006. 
Colonization and early succession on artificial hard substrata by meiofauna. 
Marine Biology 148: 1039-1050. 
 204 
  
Da Rocha C. 2003. Efeito do substrato fital na comunidade meiofaunística associada, 
com ênfase aos Nematoda livres: Recife. 
Da Rocha C, Venekey V, Bezerra T, Souza J. 2006. Phytal marine nematode 
assemblages and their relation with the macrophytes structural complexity in a 
Brazilian tropical rocky beach. Hydrobiologia 553: 219-230. 
da Silva R, Veneza I, Sampaio I, Araripe J, Schneider H, Gomes G. 2015. High 
Levels of Genetic Connectivity among Populations of Yellowtail Snapper, 
Ocyurus chrysurus (Lutjanidae–Perciformes), in the Western South Atlantic 
Revealed through Multilocus Analysis. PloS one 10: e0122173. 
Dantas EWC. 2004. O mar e o marítimo nos trópicos. GEOUSP–Espaço e Tempo: 
63-76. 
D'Antonio C. 1985. Epiphytes on the rocky intertidal red alga RhodomelaLarix 
(Turner) C. Agardh: Negative effects on the host and food for herbivores? 
Journal of Experimental Marine Biology and Ecology 86: 197-218. 
Darwin Charles R. 1859. On the origin of species by means of natural selection, or 
the preservation of favoured races in the struggle for life. Murray, London. 
Dauwe B, Herman PM, Heip C. 1998. Community structure and bioturbation potential 
of macrofauna at four North Sea stations with contrasting food supply. Marine 
Ecology Progress Series 173: 67-83. 
Davidova R. 2010. Testate Amoebae Communities (Protozoa: Arcellinida and 
Euglyphida) in Rabisha Reservoir (Northwestern Bulgaria). Acta zoologica 
bulgarica 62: 259-269. 
Dawes CJ, Teasdale BW, Friedlander M. 2000. Cell wall structure of the agarophytes 
Gracilaria tikvahiae and G. cornea (Rhodophyta) and penetration by the 
epiphyte Ulva lactuca (Chlorophyta). Journal of Applied Phycology 12: 567-575. 
 205 
  
Dayrat B. 2005. Towards integrative taxonomy. Biological Journal of the Linnean 
Society 85: 407-415. 
de Beer D, Wenzhöfer F, Ferdelman TG, Boehme SE, Huettel M, van Beusekom 
JE, Böttcher ME, Musat N, Dubilier N. 2005. Transport and mineralization 
rates in North Sea sandy intertidal sediments, Sylt‐Rømø Basin, Wadden Sea. 
Limnology and Oceanography 50: 113-127. 
De Grisse AT. 1969. Redescription ou modification de quelques techniques utilisés 
dans l’ étude des nématodes phytoparasitaires. 
de Jesús-Navarrete A, Herrera-Gómez J. 2002. Vertical distribution and feeding 
types of nematodes from Chetumal Bay, Quintana Roo, Mexico. Estuaries 25: 
1131-1137. 
de la Torre-Castro M, Rönnbäck P. 2004. Links between humans and seagrasses—
an example from tropical East Africa. Ocean & Coastal Management 47: 361-
387. 
De Ley P, De Ley IT, Morris K, Abebe E, Mundo-Ocampo M, Yoder M, Heras J, 
Waumann D, Rocha-Olivares A, Burr AJ. 2005. An integrated approach to 
fast and informative morphological vouchering of nematodes for applications in 
molecular barcoding. Philosophical Transactions of the Royal Society of London 
B: Biological Sciences 360: 1945-1958. 
de Magalhaes JP, Costa J, Toussaint O. 2005. Hagr: the human ageing genomic 
resources. Nucleic Acids Research 33. 
De Meester N, Derycke S, Bonte D, Moens T. 2011. Salinity effects on the 
coexistence of cryptic species: a case study on marine nematodes. Marine 
Biology 158: 2717-2726. 
 206 
  
De Meester N, Dos Santos GAP, Rigaux A, Valdes Y, Derycke S, Moens T. 2015. 
Daily Temperature Fluctuations Alter Interactions between Closely Related 
Species of Marine Nematodes. PloS one 10: e0131625. 
De Oliveira DA, Derycke S, Da Rocha CM, Barbosa DF, Decraemer W, Dos Santos 
GA. 2016. Spatiotemporal variation and sediment retention effects on nematode 
communities associated with Halimeda opuntia (Linnaeus) Lamouroux (1816) 
and Sargassum polyceratium Montagne (1837) seaweeds in a tropical phytal 
ecosystem. Marine Biology 163: 1-13. 
de Paula EV, dos Santos Penha ED, da Silva Filho JCL, de Lima Souza LC. 2015. 
A inovação social e o desenvolvimento sustentável na algicultura: O caso do 
projeto mulheres de corpo e alga/social renewal and sustainable development 
in the culture of algae: The project mulheres de corpo e alga. Revista em 
Agronegócio e Meio Ambiente 8: 379. 
De Queiroz K. 1998. The General Lineage Concept of Species, Species Chteria, and 
the Process of Speciation A Conceptual Unification and Terminological 
Recommendations. 
De Queiroz K. 1999. The General Lineage Concept of Species and the Defining 
Properties of the Species: Species: New Interdisciplinary Essays. Cambridge, 
Massachusetts: MIT Press. 
De Queiroz K. 2005. Ernst Mayr and the modern concept of species. Proceedings of 
the National Academy of Sciences 102: 6600-6607. 
De Queiroz K. 2007. Species concepts and species delimitation. Systematic Biology 
56: 879-886. 
 207 
  
De Troch M, Gurdebeke S, Fiers F, Vincx M. 2001. Zonation and structuring factors 
of meiofauna communities in a tropical seagrass bed (Gazi Bay, Kenya). 
Journal of Sea Research 45: 45-61. 
De Troch M, Vandepitte L, Raes M, Suàrez-Morales E, Vincx M. 2005. A field 
colonization experiment with meiofauna and seagrass mimics: effect of time, 
distance and leaf surface area. Marine Biology 148: 73-86. 
Decraemer W, Backeljau T. 2015. Utility of Classical α-Taxonomy for Biodiversity of 
Aquatic Nematodes. Journal of nematology 47: 1-10. 
Decraemer W, Radivojević M, de la Pena E. 2008. Trichodoridae (Nematoda: 
Triplonchida) from the Tara National Park, Serbia, and proposal of Trichodorus 
pseudobursatus n. sp. Nematology 10: 405-431. 
Dell'Anno A, Mei M, Pusceddu A, Danovaro R. 2002. Assessing the trophic state 
and eutrophication of coastal marine systems: a new approach based on the 
biochemical composition of sediment organic matter. Marine Pollution Bulletin 
44: 611-622. 
Denver DR, Morris K, Lynch M, Vassilieva LL, Thomas WK. 2000. High direct 
estimate of the mutation rate in the mitochondrial genome of Caenorhabditis 
elegans. science 289: 2342-2344. 
Depledge MH. 1996. Genetic ecotoxicology: an overview. Journal of Experimental 
Marine Biology and Ecology 200: 57-66. 
Derycke S, Backeljau T, Moens T. 2013. Dispersal and gene flow in free-living marine 
nematodes. Frontiers in zoology 10: 1. 
Derycke S, Backeljau T, Vlaeminck C, Vierstraete A, Vanfleteren J, Vincx M, 
Moens T. 2006. Seasonal dynamics of population genetic structure in cryptic 
 208 
  
taxa of the Pellioditis marina complex (Nematoda: Rhabditida). Genetica 128: 
307-321. 
Derycke S, Backeljau T, Vlaeminck C, Vierstraete A, Vanfleteren J, Vincx M, 
Moens T. 2007. Spatiotemporal analysis of population genetic structure in 
Geomonhystera disjuncta (Nematoda, Monhysteridae) reveals high levels of 
molecular diversity. Marine Biology 151: 1799-1812. 
Derycke S, De Ley P, Tandingan De Ley I, Holovachov O, Rigaux A, Moens T. 
2010. Linking DNA sequences to morphology: cryptic diversity and population 
genetic structure in the marine nematode Thoracostoma trachygaster 
(Nematoda, Leptosomatidae). Zoologica Scripta 39: 276-289. 
Derycke S, De Meester N, Rigaux A, Creer S, Bik H, Thomas W, Moens T. 2016. 
Coexisting cryptic species of the Litoditis marina complex (Nematoda) show 
differential resource use and have distinct microbiomes with high intraspecific 
variability. Molecular Ecology 25: 2093–2110. 
Derycke S, Fonseca G, Vierstraete A, Vanfleteren J, Vincx M, Moens T. 2008. 
Disentangling taxonomy within the Rhabditis (Pellioditis) marina (Nematoda, 
Rhabditidae) species complex using molecular and morhological tools. 
Zoological Journal of the Linnean Society 152: 1-15. 
Derycke S, Hendrickx F, Backeljau T, D’Hondt S, Camphijn L, Vincx M, Moens T. 
2007. Effects of sublethal abiotic stressors on population growth and genetic 
diversity of Pellioditis marina (Nematoda) from the Westerschelde estuary. 
Aquatic Toxicology 82: 110-119. 
Derycke S, Remerie T, Backeljau T, Vierstraete A, Vanfleteren J, Vincx M, Moens 
T. 2008. Phylogeography of the Rhabditis (Pellioditis) marina species complex: 
 209 
  
evidence for long‐distance dispersal, and for range expansions and restricted 
gene flow in the northeast Atlantic. Molecular Ecology 17: 3306-3322. 
Derycke S, Remerie T, Vierstraete A, Backeljau T, Vanfleteren J, Vincx M, Moens 
T. 2005. Mitochondrial DNA variation and cryptic speciation within the free-living 
marine nematode Pellioditis marina. Marine Ecology Progress Series 300: 91-
103. 
Derycke S, Van Vynckt R, Vanoverbeke J, Vincx M, Moens T. 2007. Colonization 
patterns of Nematoda on decomposing algae in the estuarine environment: 
Community assembly and genetic structure of the dominant species Pellioditis 
marina. Limnology and Oceanography 52: 992-1001. 
Derycke S, Vanaverbeke J, Rigaux A, Backeljau T, Moens T. 2010. Exploring the 
use of cytochrome oxidase c subunit 1 (COI) for DNA barcoding of free-living 
marine nematodes. PloS one 5: e13716. 
DeSalle R, Egan MG, Siddall M. 2005. The unholy trinity: taxonomy, species 
delimitation and DNA barcoding. Philosophical Transactions of the Royal 
Society B: Biological Sciences 360: 1905-1916. 
DeSalle R, Freedman T, Prager EM, Wilson AC. 1987. Tempo and mode of 
sequence evolution in mitochondrial DNA of HawaiianDrosophila. Journal of 
Molecular Evolution 26: 157-164. 
DiBattista JD. 2008. Patterns of genetic variation in anthropogenically impacted 
populations. Conservation Genetics 9: 141-156. 
Diniz MTM, Pereira VHC. 2015. Climatologia do estado do Rio Grande do Norte, 
Brasil: Sistemas atmosféricos atuantes e mapeamento de tipos de clima. 
Boletim Goiano de Geografia 35: 488-506. 
 210 
  
Dolgin ES, Charlesworth B, Baird SE, Cutter AD. 2007. Inbreeding and outbreeding 
depression in Caenorhabditis nematodes. Evolution 61: 1339-1352. 
Dominguez JL, Bittencourt ACdSP, Martin L. 1992. Controls on Quaternary coastal 
evolution of the east-northeastern coast of Brazil: roles of sea-level history, 
trade winds and climate. Sedimentary Geology 80: 213-232. 
Dominguez JML, Bittencourt ACDSP, Leão ZMDAN, De Azevedo AEG. 1990. 
Geologia do Quaternário costeiro do estado de Pernambuco. Brazilian Journal 
of Geology 20: 208-215. 
Dorris M, De Ley P, Blaxter ML. 1999. Molecular Analysis of Nematode Diversity and 
the Evolution of Parasitism. Parasitology Today 15: 188-193. 
Drummond A, Ho S, Phillips M, Rambaut A. 2006. Relaxed phylogenetics and dating 
with confidence. PLoS Biology 4. 
Duarte CM. 2014. Global change and the future ocean: a grand challenge for marine 
sciences. Frontiers in Marine Science 1: 63. 
Duarte CM, Middelburg JJ, Caraco N. 2005. Major role of marine vegetation on the 
oceanic carbon cycle. Biogeosciences 2: 1-8. 
Dubiaski‐Silva J, Masunari S. 2008. Natural diet of fish and crabs associated with 
the phytal community of Sargassum cymosum C. Agardh, 1820 (Phaeophyta, 
Fucales) at Ponta das Garoupas, Bombinhas, Santa Catarina State, Brazil. 
Journal of Natural History 42: 1907-1922. 
Duffy JE. 1990. Amphipods on seaweeds: partners or pests? Oecologia 83: 267-276. 
Duffy JE. 2003. Biodiversity loss, trophic skew and ecosystem functioning. Ecology 
letters 6: 680-687. 
 211 
  
Duffy JE, MacDonald KS, Rhode JM, Parker JD. 2001. Grazer diversity, functional 
redundancy, and productivity in seagrass beds: an experimental test. Ecology 
82: 2417-2434. 
Dutheil J, Gaillard S, Bazin E, Glemin S, Ranwez V, Galtier N, Belkhir K. 2006. 
Bio++: a set of C++ libraries for sequence analysis, phylogenetics, molecular 
evolution and population genetics. BMC Bioinformatics 7. 
Edgar G. 1982. The ecology of phytal animal communities. University of Tasmania. 
Edison AS. 2009. Caenorhabditis elegans pheromones regulate multiple complex 
behaviors. Current Opinion in Neurobiology 19: 378-388. 
Egan S, Harder T, Burke C, Steinberg P, Kjelleberg S, Thomas T. 2013. The 
seaweed holobiont: understanding seaweed–bacteria interactions. FEMS 
Microbiology Reviews 37: 462-476. 
Egan S, Thomas T, Holmström C, Kjelleberg S. 2000. Phylogenetic relationship and 
antifouling activity of bacterial epiphytes from the marine alga Ulva lactuca. 
Environmental Microbiology 2: 343-347. 
Ehlers A, Worm B, Reusch TB. 2008. Importance of genetic diversity in eelgrass 
Zostera marina for its resilience to global warming. Marine Ecology Progress 
Series 355: 1-7. 
Ehrlich PR, Ehrlich AH. 1981. Extinction: The causes and consequences of the 
disappearance of species. Random House: New York. 
Eklöf JS, de la Torre Castro M, Adelsköld L, Jiddawi NS, Kautsky N. 2005. 
Differences in macrofaunal and seagrass assemblages in seagrass beds with 
and without seaweed farms. Estuarine, Coastal and Shelf Science 63: 385-396. 
El Bour M, Ismail-Ben Ali A, Ktari L. 2013. Seaweeds epibionts: Biodiversity and 
potential bioactivities. Microbial pathogens and strategies for combating them: 
 212 
  
Science, technology and education. Spain: Formatex Research Center: 1298-
1306. 
Ellstrand NC, Elam DR. 1993. Population genetic consequences of small population 
size: implications for plant conservation. Annual review of ecology and 
systematics: 217-242. 
Elmer KR, Bonett RM, Wake DB, Lougheed SC. 2013. Early Miocene origin and 
cryptic diversification of South American salamanders. BMC Evolutionary 
Biology 13: 1. 
Elmgren R. 1973. Methods of sampling sublittoral soft bottom meiofauna. Oikos: 112-
120. 
Elmgren R. 1976. Baltic benthos communities and the role of the meiofauna. 
Engelen AH, Breeman AM, Olsen JL, Stam WT, Åberg P. 2005. Life history flexibility 
allows Sargassum polyceratium to persist in different environments subjected 
to stochastic disturbance events. Coral Reefs 24: 670-680. 
Ericson PGP, Anderson CL, Britton T, Elzanowski A, Johansson US, Kallersjo M, 
Ohlson JI, Parsons TJ, Zuccon D, Mayr G. 2006. Diversification of neoaves: 
integration of molecular sequence data and fossils. Biology letters 2. 
Excoffier L, Lischer HE. 2010. Arlequin suite ver 3.5: a new series of programs to 
perform population genetics analyses under Linux and Windows. Molecular 
ecology resources 10: 564-567. 
Excoffier L, Smouse PE, Quattro JM. 1992. Analysis of molecular variance inferred 
from metric distances among DNA haplotypes: application to human 
mitochondrial DNA restriction data. Genetics 131: 479-491. 
Fahrig L. 2003. Effects of habitat fragmentation on biodiversity. Annual review of 
ecology, evolution, and systematics: 487-515. 
 213 
  
Fain MG, Houde P. 2004. Parallel radiations in the primary clades of birds. Evolution 
58. 
Farrell BD, Mitter C, Futuyma DJ. 1992. Diversification at the insect-plant interface. 
BioScience 42: 34-42. 
Fedorov AA. 1966. The structure of the tropical rain forest and speciation in the humid 
tropics. The Journal of Ecology: 1-11. 
Felsenstein J. 1985. Phylogenies and the comparative method. American Naturalist 
125. 
Ferguson JWH. 2002. On the use of genetic divergence for identifying species. 
Biological Journal of the Linnean Society 75: 509-516. 
Ferreira CE, Goncçalves JE, Coutinho R. 2001. Community structure of fishes and 
habitat complexity on a tropical rocky shore. Environmental Biology of Fishes 
61: 353-369. 
Ferreira Júnior AV. 2005. Mapeamento da zona costeira protegida por arenitos de 
praia (Beachrocks) em Nísia Floresta-RN. Universidade Federal do Rio Grande 
do Norte. 
Ferreira RC, Nascimento-Junior AB, Santos PJP, Botter-Carvalho ML, Pinto TK. 
2015. Responses of estuarine nematodes to an increase in nutrient supply: An 
in situ continuous addition experiment. Marine Pollution Bulletin 90: 115-120. 
Ferri E, Barbuto M, Bain O, Galimberti A, Uni S, Guerrero R, Ferté H, Bandi C, 
Martin C, Casiraghi M. 2009. Integrated taxonomy: traditional approach and 
DNA barcoding for the identification of filarioid worms and related parasites 
(Nematoda). Frontiers in zoology 6: 1. 
Finlay BJ. 1998. The global diversity of protozoa and other small species. International 
Journal for Parasitology 28: 29-48. 
 214 
  
Fischer AG. 1960. Latitudinal variations in organic diversity. Evolution 14: 64-81. 
Foley J, de Haas D, Hartley K, Lant P. 2010. Comprehensive life cycle inventories of 
alternative wastewater treatment systems. Water Res 44: 1654-1666. 
Folke C, Carpenter S, Walker B, Scheffer M, Elmqvist T, Gunderson L, Holling 
CS. 2004. Regime shifts, resilience, and biodiversity in ecosystem 
management. Annual review of ecology, evolution, and systematics: 557-581. 
Fonderie P, Steel H, Moens T, Bert W. 2013. Experimental induction of intraspecific 
morphometric variability in a single population of Halicephalobus cf. gingivalis 
may surpass total interspecific variability. Nematology 15: 529-544. 
Fonseca G, Derycke S, Moens T. 2008. Integrative taxonomy in two free‐living 
nematode species complexes. Biological Journal of the Linnean Society 94: 
737-753. 
Fonseca G, Maria T, Kandratavicius N, Venekey V, Gheller PF, Gallucci F. 2014. 
Testing for nematode–granulometry relationships. Marine Biodiversity 44: 435-
443. 
Fonseca G, Netto SA. 2015. Macroecological patterns of estuarine nematodes. 
Estuaries and Coasts 38: 612-619. 
Fonseca MS, Cahalan JA. 1992. A preliminary evaluation of wave attenuation by four 
species of seagrass. Estuarine, Coastal and Shelf Science 35: 565-576. 
Forsman A. 2015. Rethinking phenotypic plasticity and its consequences for 
individuals, populations and species. Heredity 115: 276-284. 
Frame K, Hunt G, Roy K. 2007. Intertidal meiofaunal biodiversity with respect to 
different algal habitats: a test using phytal ostracodes from Southern California. 
Hydrobiologia 586: 331-342. 
 215 
  
Francini-Filho R, Reis R, Meirelles P, Moura R, Thompson F, Kikuchi R, Kaufman 
L. 2010. Seasonal prevalence of white plague like disease on the endemic 
Brazilian reef coral Mussismilia braziliensis/Prevalencia estacional de la 
enfermedad de la plaga blanca en el coral endémico de Brasil Mussismilia 
braziliensis. Latin American Journal of Aquatic Research 38: 292. 
Franco M, De Mesel I, Diallo MD, Van Der Gucht K, Van Gansbeke D, Van Rijswijk 
P, Costa M, Vincx M, Vanaverbeke J. 2007. Effect of phytoplankton bloom 
deposition on benthic bacterial communities in two contrasting sediments in the 
southern North Sea. Aquatic Microbial Ecology 48: 241-254. 
Frankham R. 1997. Do island populations have less genetic variation than mainland 
populations? Heredity 78. 
Fujita MK, Leaché AD, Burbrink FT, McGuire JA, Moritz C. 2012. Coalescent-based 
species delimitation in an integrative taxonomy. Trends in Ecology & Evolution 
27: 480-488. 
Fusco G, Minelli A. 2010. Phenotypic plasticity in development and evolution: facts 
and concepts. Philosophical Transactions of the Royal Society B: Biological 
Sciences 365: 547-556. 
Futuyma DJ. 1998. Evolutionary Biology. Sinauer: Sunderland, MA. 
Gaither MR, Toonen RJ, Robertson DR, Planes S, Bowen BW. 2010. Genetic 
evaluation of marine biogeographical barriers: perspectives from two 
widespread Indo‐Pacific snappers (Lutjanus kasmira and Lutjanus fulvus). 
Journal of Biogeography 37: 133-147. 
Galewski T, Tilak M, Sanchez S, Chevret P, Paradis E, Douzery EJP. 2006. The 
evolutionary radiation of arvicolinae rodents (voles and lemmings): relative 
 216 
  
contribution of nuclear and mitochondrial dna phylogenies. BMC Evolutionary 
Biology 6. 
Galli A, Wiedmann T, Ercin E, Knoblauch D, Ewing B, Giljum S. 2012. Integrating 
Ecological, Carbon and Water footprint into a “Footprint Family” of indicators: 
Definition and role in tracking human pressure on the planet. Ecological 
Indicators 16: 100-112. 
Gallo BM, Macedo S, Giffoni BdB, Becker JH, Barata PC. 2006. Sea turtle 
conservation in Ubatuba, southeastern Brazil, a feeding area with incidental 
capture in coastal fisheries. Chelonian Conservation and Biology 5: 93-101. 
Gallucci F, Moens T, Fonseca G. 2009. Small-scale spatial patterns of meiobenthos 
in the Arctic deep sea. Marine Biodiversity 39: 9-25. 
Galtier N, Enard D, Radondy Y, Bazin E, Belkhir K. 2006. Mutation hot spots in 
mammalian mitochondrial DNA. Genome Research 16. 
Gambi C, Vanreusel A, Danovaro R. 2003. Biodiversity of nematode assemblages 
from deep-sea sediments of the Atacama Slope and Trench (South Pacific 
Ocean). Deep Sea Research Part I: Oceanographic Research Papers 50: 103-
117. 
Garcia-Moreno J. 2004. Is there a universal mtDNA clock for birds? Journal of Avian 
Biology 35. 
Gardeström J, Dahl U, Kotsalainen O, Maxson A, Elfwing T, Grahn M, Bengtsson 
B-E, Breitholtz M. 2008. Evidence of population genetic effects of long-term 
exposure to contaminated sediments—a multi-endpoint study with copepods. 
Aquatic Toxicology 86: 426-436. 
Gardeström J, Gorokhova E, Gilek M, Grahn M, Bengtsson B-E, Breitholtz M. 
2006. A multilevel approach to predict toxicity in copepod populations: 
 217 
  
Assessment of growth, genetics, and population structure. Aquatic Toxicology 
79: 41-48. 
Gee J, Warwick R. 1994. Metazoan community structure in relation to the fractal 
dimensions of marine macroalgae. Marine Ecology Progress Series 103: 141-
150. 
Gee JM, Warwick RM. 1994. Body-size distribution in a marine metazoan community 
and the fractal dimensions of macroalgae. Journal of Experimental Marine 
Biology and Ecology 178: 247-259. 
Gerlach SA. 1957. Die Nematodenfauna Des Sandstrandes an Der Küste von 
Mittelbrasilien (Brasilianische Meeres‐Nematoden IV). Mitteilungen aus dem 
Museum für Naturkunde in Berlin. Zoologisches Museum und Institut für 
Spezielle Zoologie (Berlin) 33: 411-459. 
Gheskiere T, Hoste E, Vanaverbeke J, Vincx M, Degraer S. 2004. Horizontal 
zonation patterns and feeding structure of marine nematode assemblages on a 
macrotidal, ultra-dissipative sandy beach (De Panne, Belgium). Journal of Sea 
Research 52: 211-226. 
Gheskiere T, Vincx M, Urban-Malinga B, Rossano C, Scapini F, Degraer S. 2005. 
Nematodes from wave-dominated sandy beaches: diversity, zonation patterns 
and testing of the isocommunities concept. Estuarine, Coastal and Shelf 
Science 62: 365-375. 
Ghobrial M, Gharib S, Soliman A, Okbah M. 2007. Influence of barley straw and 
submerged macrophytes on fishpond wastewater quality. 
Gibb GC, Kardailsky O, Kimball RT, Braun EL, Penny D. 2007. Mitochondrial 
genomes and avian phylogeny: complex characters and resolvability without 
explosive radiations. Molecular biology and evolution 24. 
 218 
  
Gibbons M. 1988. The impact of sediment accumulations, relative habitat complexity 
and elevation on rocky shore meiofauna. Journal of Experimental Marine 
Biology and Ecology 122: 225-241. 
Gibbons M. 1991. Rocky shore meiofauna-a brief overview: Royal soc South Africa 
pd hahn building po box 594, cape town 8000, south africa. 595-603. 
Gibson R, Atkinson R, Gordon J. 2005. The ecology of rafting in the marine 
environment. II. The rafting organisms and community. Oceanography and 
Marine Biology: an annual review 43: 279-418. 
Giere O. 2008. Meiobenthology: the microscopic motile fauna of aquatic sediments. 
Springer Science & Business Media. 
Gilbert SF, Epel D. 2009. Ecological developmental biology: integrating epigenetics, 
medicine, and evolution. 
Gillespie J. 2001. Is the population size of a species relevant to its evolution? 
Evolution 55. 
Gillooly J, Allen A, West G, Brown J. 2005. The rate of dna evolution: effects of body 
size and temperature on the molecular clock. Proceedings of the National 
Academy of Sciences of the United States of America 102. 
Ginsberg J. 1999. Global conservation priorities. Conservation Biology 13: 5. 
Gissi C, Reyes A, Pesole G, Saccone C. 2000. Lineage-specific evolutionary rate in 
mammalian mtDNA. Molecular biology and evolution 17. 
Givnish T, Evans T, Pires J, Sytsma K. 1999. Polyphyly and convergent 
morphological evolution in Commelinales and Commelinidae: evidence from 
rbcL sequence data. Molecular Phylogenetics and Evolution 12: 360-385. 
Glasby CJ, Wei N-WV, Gibb KS. 2013. Cryptic species of Nereididae (Annelida: 
Polychaeta) on Australian coral reefs. Invertebrate Systematics 27: 245-264. 
 219 
  
Gobin JF, Warwick RM. 2006. Geographical variation in species diversity: a 
comparison of marine polychaetes and nematodes. Journal of Experimental 
Marine Biology and Ecology 330: 234-244. 
Goetze E, Kiørboe T. 2008. Heterospecific mating and species recognition in the 
planktonic marine copepods Temora stylifera and T. longicornis. Marine 
Ecology Progress Series 370: 185-198. 
Gourbault N, Warwick R. 1994. Is the determination of meiobenthic diversity affected 
by the sampling method in sandy beaches? Marine Ecology 15: 267-279. 
Gray JS. 1997. Marine biodiversity: patterns, threats and conservation needs. 
Biodiversity and Conservation 6: 153-175. 
Griese M, Haug M, Brasch F, Freihorst A, Lohse P, von Kries R, Zimmermann T, 
Hartl D. 2009. Incidence and classification of pediatric diffuse parenchymal lung 
diseases in Germany. Orphanet J Rare Dis 4: 26. 
Grime JP. 2002. Plant strategies, vegetation processes, and ecosystem properties. 
John Wiley & Sons. 
Grubman A, Kaparakis M, Viala J, Allison C, Badea L, Karrar A, Boneca IG, Le 
Bourhis L, Reeve S, Smith IA, Hartland EL, Philpott DJ, Ferrero RL. 2010. 
The innate immune molecule, NOD1, regulates direct killing of Helicobacter 
pylori by antimicrobial peptides. Cell Microbiol 12: 626-639. 
Guillemin M-L, Valero M, Faugeron S, Nelson W, Destombe C. 2014. Tracing the 
trans-Pacific evolutionary history of a domesticated seaweed (Gracilaria 
chilensis) with archaeological and genetic data. PloS one 9: e114039. 
Guindon S, Gascuel O. 2003. A simple, fast, and accurate algorithm to estimate large 
phylogenies by maximum likelihood. Systematic Biology 52. 
 220 
  
Gutow L, Rahman MM, Bartl K, Saborowski R, Bartsch I, Wiencke C. 2014. Ocean 
acidification affects growth but not nutritional quality of the seaweed Fucus 
vesiculosus (Phaeophyceae, Fucales). Journal of Experimental Marine Biology 
and Ecology 453: 84-90. 
Gyedu-Ababio T. 2011. Pollution status of two river estuaries in the Eastern Cape, 
South Africa, based on benthic meiofauna analyses. Journal of Water Resource 
and Protection 3: 473-486. 
Hagerman L. 1966. The macro-and microfauna associated with Fucus serratus L., 
with some ecological remarks. Ophelia 3: 1-43. 
Hamilton AJ. 2005. Species diversity or biodiversity? Journal of Environmental 
Management 75: 89-92. 
Hamm D, Burton R. 2000. Population genetics of black abalone, Haliotis cracherodii, 
along the central California coast. Journal of Experimental Marine Biology and 
Ecology 254: 235-247. 
Hardy GH. 1908. Mendelian proportions in a mixed population. science 28: 49-50. 
Harrison RG. 1998. Linking evolutionary pattern and process. Endless Forms: 19-31. 
Hartl DL. 1988. A primer of population genetics. Sinauer Associates, Inc. 
Hartl DL. 2000. A Primer of Population Genetics (3rd edn). Sinauer Associates, Inc. ,: 
Sunderland, MA. 
Hay ME, Duffy JE, Pfister CA, Fenical W. 1987. Chemical defense against different 
marine herbivores: are amphipods insect equivalents? Ecology 68: 1567-1580. 
Hay ME, Fenical W. 1988. Marine plant-herbivore interactions: the ecology of 
chemical defense. Annual review of ecology and systematics: 111-145. 
 221 
  
Hector A, Schmid B, Beierkuhnlein C, Caldeira M, Diemer M, Dimitrakopoulos P, 
Finn J, Freitas H, Giller P, Good J. 1999. Plant diversity and productivity 
experiments in European grasslands. science 286: 1123-1127. 
Hedrick PW. 2007. Balancing selection. Current Biology 17: R230-R231. 
Heinrich S, Zonneveld K. 2013. Influence of the Amazon River development and 
constriction of the Central American Seaway on Middle/Late Miocene oceanic 
conditions at the Ceara Rise. Palaeogeography, Palaeoclimatology, 
Palaeoecology 386: 599-606. 
Heip C, Vincx M, Vranken G. 1985. The ecology of marine nematodes. Aberdeen 
University Press. 
Hellberg ME. 2006. No variation and low synonymous substitution rates in coral mtdna 
despite high nuclear variation. BMC Evolutionary Biology 6. 
Hellberg ME. 2009. Gene flow and isolation among populations of marine animals. 
Hellberg ME, Burton RS, Neigel JE, Palumbi SR. 2002. Genetic assessment of 
connectivity among marine populations. Bulletin of Marine Science 70: 273-290. 
Herrera AS, Del CAEM, Md Ashraf G, Zamyatnin AA, Aliev G. 2015. Beyond 
mitochondria, what would be the energy source of the cell? Cent Nerv Syst 
Agents Med Chem 15: 32-41. 
Herrero A, Barja G. 1998. H2o2 production of heart mitochondria and aging rate are 
slower in canaries and parakeets than in mice: sites of free radical generation 
and mechanisms involved. Mechanisms of Ageing and Development 103. 
Hey J. 2006. On the failure of modern species concepts. Trends in Ecology & Evolution 
21: 447-450. 
Hickey AJR. 2008. Avian mtDNA diversity: An alternate explanation for low mtDNA 
diversity in birds: an age-old solution? Heredity 100. 
 222 
  
Hicks G. 1985. Meiofauna associated with rocky shore algae. The ecology of rocky 
coasts (ed. PG Moore and R. Seed): 36-56. 
Hicks GR. 1977. Breeding activity of marine phytal harpacticoid copepods from Cook 
Strait. New Zealand Journal of Marine and Freshwater Research 11: 645-666. 
Hicks GR. 1980. Structure of phytal harpacticoid copepod assemblages and the 
influence of habitat complexity and turbidity. Journal of Experimental Marine 
Biology and Ecology 44: 157-192. 
Hicks GR, COULL B. 1986. Distribution and behaviour of meiofaunal copepods inside 
and outside seagrass beds. Mar. Ecol. Prog. Ser 31: 159-170. 
Hicks GR, Coull BC. 1983. The ecology of marine meiobenthic harpacticoid 
copepods. Oceanography and Marine Biology 21: 67-175. 
Hillebrand H. 2004. On the generality of the latitudinal diversity gradient. The 
American Naturalist 163: 192-211. 
Hillebrand H, Azovsky AI. 2001. Body size determines the strength of the latitudinal 
diversity gradient. Ecography 24: 251-256. 
Hillis LW, Engman JA, Kooistra WH. 1998. Morphological and molecular 
phylogenies of Halimeda (Chlorophyta, Bryopsidales) identify three evolutionary 
lineages. Journal of phycology 34: 669-681. 
Hodda M. 1990. Variation in estuarine littoral nematode populations over three spatial 
scales. Estuarine, Coastal and Shelf Science 30: 325-340. 
Hohenlohe PA. 2004. Limits to gene flow in marine animals with planktonic larvae: 
models of Littorina species around Point Conception, California. Biological 
Journal of the Linnean Society 82: 169-187. 
Holmes DJ, Flückiger R, Austad SN. 2001. Comparative biology of aging in birds: an 
update. Experimental Gerontology 36. 
 223 
  
Holmes DJ, Ottinger MA. 2003. Birds as long-lived animal models for the study of 
aging. Experimental Gerontology 38. 
Hong RL, Sommer RJ. 2006. Pristionchus pacificus: a well‐rounded nematode. 
BioEssays 28: 651-659. 
Hooper DU, Vitousek PM. 1997. The effects of plant composition and diversity on 
ecosystem processes. science 277: 1302-1305. 
Hooper GJ, Davenport J. 2006. Epifaunal composition and fractal dimensions of 
intertidal marine macroalgae in relation to emersion. Journal of the Marine 
Biological Association of the United Kingdom 86: 1297-1304. 
Hopper B, Meyers S. 1967. Population studies on benthic nematodes within a 
subtropical seagrass community. Marine Biology 1: 85-96. 
Hopper BE. 1967. Foliicolous marine nematodes on turtle grass, Thalassia testudinum 
Konig, in Biscayne Bay, Florida. Bulletin of Marine Science 17: 471-517. 
Horn Filho NH. 2003. Setorização da Província Costeira de Santa Catarina em base 
aos aspectos geológicos, geomorfológicos e geográficos. Geosul 18: 71-98. 
Hourston M, Warwick R, Valesini F, Potter I. 2005. To what extent are the 
characteristics of nematode assemblages in nearshore sediments on the west 
Australian coast related to habitat type, season and zone? Estuarine, Coastal 
and Shelf Science 64: 601-612. 
Howe HF, Smallwood J. 1982. Ecology of seed dispersal. Annual review of ecology 
and systematics 13: 201-228. 
Hoyle MD. 1978. Reproductive phenology and growth rates in two species of Gracilaria 
from Hawaii. Journal of Experimental Marine Biology and Ecology 35: 273-283. 
http://www.algaebase.org/search/genus/detail/?genus_id=he3ec1d1bb502b230. 
accessed in 08/11/2016. 
 224 
  
http://www.algaebase.org/search/genus/detail/?genus_id=L9c77b3161969c937. 
accessed in 08/11/2016. 
http://www.algaebase.org/search/genus/detail/?genus_id=Xa8251fbe185f6f28. 
accessed in 08/11/2016. 
http://www.altaneirafm.com/2013/10/projeto-transforma-algas-marinhas-
em.html. accessed on August 2011. 
http://www.nutrialgas.com.br/index_arquivos/ProjetoAlgasMarinhas.htm. 
accessed on August 2011. 
http://www.pesca.sp.gov.br/noticia.php?id_not=2093. accessed in 15/10/2016. 
http://www.ventura.org.br/noticias/page/830/. accessed on January 2011. 
Hu X-S, Li B. 2003. On migration load of seeds and pollen grains in a local population. 
Heredity 90: 162-168. 
Huang D, Meier R, Todd PA, Chou LM. 2008. Slow mitochondrial COI sequence 
evolution at the base of the metazoan tree and its implications for DNA 
barcoding. Journal of Molecular Evolution 66. 
Hughes AR, Inouye BD, Johnson MT, Underwood N, Vellend M. 2008. Ecological 
consequences of genetic diversity. Ecology letters 11: 609-623. 
Hughes AR, Stachowicz JJ. 2004. Genetic diversity enhances the resistance of a 
seagrass ecosystem to disturbance. Proceedings of the National Academy of 
Sciences of the United States of America 101: 8998-9002. 
Hughes TP. 1994. Catastrophes, phase shifts, and large-scale degradation of a 
Caribbean coral reef. Science-AAAS-Weekly Paper Edition 265: 1547-1551. 
Hugot J-P, Baujard P, Morand S. 2001. Biodiversity in helminths and nematodes as 
a field of study: an overview. Nematology 3: 199-208. 
 225 
  
Hurst G, Jiggins F. 2005. Problems with mitochondrial DNA as a marker in population, 
phylogeographic and phylogenetic studies: the effects of inherited symbionts. 
Proceedings Of The Royal Society B-biological Sciences 272. 
Huston MA. 1997. Hidden treatments in ecological experiments: re-evaluating the 
ecosystem function of biodiversity. Oecologia 110: 449-460. 
Huston MA, Huston MA. 1994. Biological diversity: the coexistence of species. 
Cambridge University Press. 
Iizuka M, Tachida H, Matsuda H. 2002. A neutral model with fluctuating population 
size and its effective size. Genetics 161. 
Imai I, Yamaguchi M, Hori Y. 2006. Eutrophication and occurrences of harmful algal 
blooms in the Seto Inland Sea, Japan. Plankton and Benthos Research 1: 71-
84. 
INC SS. 2004. Statistica (data analysis software system) version 7. 
Indrioko S, Ratnaningrum YWN. 2015. Habitat Loss Caused Clonality, Genetic 
Diversity Reduction and Reproductive Failure in Santalum album 
(Santalaceae), an Endangered Endemic Species of Indonesia. Procedia 
Environmental Sciences 28: 657-664. 
Inglis WG. 1962. Marine nematodes from Banyuls-sur-Mer: with a review of the genus 
Eurystomina. Bulletin of the British Museum (Natural History) 8: 211-283. 
Ingólfsson A. 1995. Floating clumps of seaweed around Iceland: natural microcosms 
and a means of dispersal for shore fauna. Marine Biology 122: 13-21. 
Irwin DE. 2002. Phylogeographic breaks without geographic barriers to gene flow. 
Evolution 56: 2383-2394. 
 226 
  
Iyer R, De Clerck O, Bolton J, Coyne V, Sym S. 2004. Morphological and taxonomic 
studies of Gracilaria and Gracilariopsis species (Gracilariales, Rhodophyta) 
from South Africa. South African Journal of Botany 70: 521-539. 
Jacobson B, Peres-Neto PR. 2010. Quantifying and disentangling dispersal in 
metacommunities: how close have we come? How far is there to go? Landscape 
Ecology 25: 495-507. 
Janzen DH. 1967. Why mountain passes are higher in the tropics. The American 
Naturalist 101: 233-249. 
Jarne P, Lagoda PJ. 1996. Microsatellites, from molecules to populations and back. 
Trends in Ecology & Evolution 11: 424-429. 
Jarvis SC, Seed R. 1996. The meiofauna of Ascophyllum nodosum (L.) Le Jolis: 
characterization of the assemblages associated with two common epiphytes. 
Journal of Experimental Marine Biology and Ecology 199: 249-267. 
Jaya P, Annapurna C, Vijaya BC. 2012. Diversity of meiofauna associated with nine 
different species of algae at visakhapatnam coast. International journal of 
Biology, Pharmacy and allied sciences 1 331-336. 
Jaya P, Vijaya Bhanu C, Naveen Babu M, Annapurna C. 2012. Phytal nematodes 
associated with Caulerpa fastigiata and Caulerpa taxifolia of Visakhapatnam 
coast. International Journal of Biology, Pharmacy, and Allied Sciences 1: 331-
336. 
Jensen P. 1979. Nematodes from the brackish waters of the southern archipelago of 
Finland. Benthic species. Annales Zoologici Fennici: JSTOR, 151-168. 
Jensen P. 1981. Phyto-Chemical Sensitivity and Swimming Behaviour of the Free-
Living Marine Nematode Chromadorita tenuis. Marine Ecology Progress Series 
4: 203–206. 
 227 
  
Jensen P. 1982. Reproductive behaviour of the free-living marine nematode 
Chromadorita tenuis. Marine ecology progress series. Oldendorf 10: 89-95. 
Jensen P. 1984. Ecology of benthic and epiphytic nematodes in brackish waters. 
Hydrobiologia 108: 201-217. 
Jensen P. 1984. Food ingestion and growth of the diatom-feeding nematode 
Chromadorita tenuis. Marine Biology 81: 307-310. 
Jensen P. 1996. Burrows of marine nematodes as centres for microbial growth. 
Nematologica 42: 320-329. 
Jogensen BB, Revsbech NP. 1985. Diffusive boundaq layers and the oxygen uptake 
of sediments and detritus’. 
Johnson GE, Attrill MJ, Sheehan EV, Somerfield PJ. 2007. Recovery of meiofauna 
communities following mudflat disturbance by trampling associated with crab-
tiling. Marine Environmental Research 64: 409-416. 
Johnson KH, Vogt KA, Clark HJ, Schmitz OJ, Vogt DJ. 1996. Biodiversity and the 
productivity and stability of ecosystems. Trends in Ecology & Evolution 11: 372-
377. 
Johnson KP, Williams BL, Drown DM, Adams RJ, Clayton DH. 2002. The 
population genetics of host specificity: genetic differentiation in dove lice 
(Insecta: Phthiraptera). Molecular Ecology 11: 25-38. 
Jones GP, Planes S, Thorrold SR. 2005. Coral reef fish larvae settle close to home. 
Current Biology 15: 1314-1318. 
Jueterbock A, Tyberghein L, Verbruggen H, Coyer JA, Olsen JL, Hoarau G. 2013. 
Climate change impact on seaweed meadow distribution in the North Atlantic 
rocky intertidal. Ecology and evolution 3: 1356-1373. 
 228 
  
Kaliszewska ZA, Seger J, Rowntree VJ, Barco SG, Benegas R, Best PB, Brown 
MW, Brownell RL, Carribero A, Harcourt R. 2005. Population histories of right 
whales (Cetacea: Eubalaena) inferred from mitochondrial sequence diversities 
and divergences of their whale lice (Amphipoda: Cyamus). Molecular Ecology 
14: 3439-3456. 
Karpestam E, Wennersten L, Forsman A. 2012. Matching habitat choice by 
experimentally mismatched phenotypes. Evolutionary Ecology 26: 893-907. 
Kenyon R, Haywood M, Heales D, Loneragan N, Pendrey R, Vance D. 1999. 
Abundance of fish and crustacean postlarvae on portable artificial seagrass 
units: daily sampling provides quantitative estimates of the settlement of new 
recruits. Journal of Experimental Marine Biology and Ecology 232: 197-216. 
Khaidakov M, Heflich RH, Manjanatha MG, Myers MB, Aidoo A. 2003. 
Accumulation of point mutations in mitochondrial DNA of aging mice. Mutation 
Research/dna Repair 526. 
Khalili V, Shokri H, Md Akim A, Khosravi AR. 2016. Differential Gene Expression of 
Heat Shock Protein 90 (Hsp90) of Candida albicans obtained from Malaysian 
and Iranian Patients. Malays J Med Sci 23: 64-71. 
Kinlan BP, Gaines SD. 2003. Propagule dispersal in marine and terrestrial 
environments: a community perspective. Ecology 84: 2007-2020. 
Kiontke K, Fitch DH. 2010. Phenotypic plasticity: different teeth for different feasts. 
Current Biology 20: R710-R712. 
Kito K. 1981. Studies on the free-living marine nematodes from Hokkaido, IV. Journal 
of the Faculty of Science, Hokkaido University, VI Zoology 22: 250-278. 
Kito K. 1982. Phytal Marine Nematode Assemblage on Sargassum confusum. 
ZOOLOGY 23: 143-161. 
 229 
  
Klein J, Sato A, Nagl S, O'hUigín C. 1998. Molecular trans-species polymorphism. 
Annual review of ecology and systematics: 1-C1. 
Knowlton N. 1992. Thresholds and multiple stable states in coral reef community 
dynamics. American Zoologist 32: 674-682. 
Knowlton N. 1993. Sibling species in the sea. Annual review of ecology and 
systematics: 189-216. 
Knowlton N. 2000. Molecular genetic analyses of species boundaries in the sea. 
Hydrobiologia 420: 73-90. 
Knowlton N, Weigt LA, Solorzano LA, Mills DK, Bermingham E. 1993. Divergence 
in proteins, mitochondrial DNA, and reproductive compatibility across the 
isthmus of Panama. science 260: 1629-1632. 
Koenig WD, Van Vuren D, Hooge PN. 1996. Detectability, philopatry, and the 
distribution of dispersal distances in vertebrates. Trends in Ecology & Evolution 
11: 514-517. 
Kolesnikova YA, Povchun A, Serenko I. 1996. Migration of meiobenthos in the 
inshore zone of the Black Sea. Oceanographic Literature Review 1: 65-66. 
Komatsu T. 1989. Day-night reversion in the horizontal distributions of dissolved 
oxygen content and pH in a Sargassum forest. Journal of the Oceanographical 
Society of Japan 45: 106-115. 
Komatsu T, Kawai H, Sakamoto W. 1990. Influence of Sargassum forests on marine 
environment. Bull Coast Oceanogr 27: 115-126. 
Kool JT, Moilanen A, Treml EA. 2013. Population connectivity: recent advances and 
new perspectives. Landscape Ecology 28: 165-185. 
 230 
  
Kotwicki L, Szymelfenig M, De Troch M, Urban-Malinga B, Węsławski JM. 2005. 
Latitudinal biodiversity patterns of meiofauna from sandy littoral beaches. 
Biodiversity and Conservation 14: 461-474. 
Kulkarni SS, Rivonker C, Sangodkar U. 2003. Role of meiobenthic assemblages in 
detritus based food chain from estuarine environment of Goa. Indian Journal of 
Fisheries 50: 465-471. 
Lambshead P. 2004. Marine nematode diversity. In: Chen Z, Chen W, Chen S and 
Dickson S, eds. Nematology: Advances and Perspectives  
Lambshead P, Tietjen J, Ferrero T, Jensen+ P. 2000. Latitudinal diversity gradients 
in the deep sea with special reference to North Atlantic nematodes. Marine 
Ecology Progress Series 194: 159-167. 
Lambshead PJD, Brown CJ, Ferrero TJ, Mitchell NJ, Smith CR, Hawkins LE, 
Tietjen J. 2002. Latitudinal diversity patterns of deep-sea marine nematodes 
and organic fluxes: a test from the central equatorial Pacific. Marine Ecology 
Progress Series 236: 129-135. 
Lamouroux JV. 1816. Histoire des polypiers coralligenes flexibles. 
Lane N. 2005. Power, Sex, Suicide. Mitochondria and the Meaning of Life. 
Lane N. 2008. Mitochondria and the W chromosome: low variability on the W 
chromosome in birds is more likely to indicate selection on mitochondrial genes. 
Heredity 100. 
Lasiak T, Field J. 1995. Community-level attributes of exploited and non-exploited 
rocky infratidal macrofaunal assemblages in Transkei. Journal of Experimental 
Marine Biology and Ecology 185: 33-53. 
 231 
  
Latham RE, Ricklefs RE. 1993. Continental comparisons of temperate-zone tree 
species diversity. Species diversity in ecological communities: historical and 
geographical perspectives: 294-314. 
Lawton JH. 1994. What do species do in ecosystems? Oikos: 367-374. 
Leão Z. 1994. The coral reefs of Southern Bahia. In: HETZEL B and CASTRO C, eds. 
Corals of Southern Bahia. Rio de Janeiro: Nova Fronteira. Rio de Janeiro: Nova 
Fronteira. 151-159. 
Leãoa ZM, Kikuchi RK, Testa V. 2003. Corals and coral reefs of Brazil. 
Lee J, Tietjen J, Mastropaolo C, Rubin H. 1977. Food quality and the heterogeneous 
spatial distribution of meiofauna. Helgolander Wissenschaftliche 
Meeresuntersuchungen 30: 272-282. 
Lee MR, Riveros M. 2012. Latitudinal trends in the species richness of free‐living 
marine nematode assemblages from exposed sandy beaches along the coast 
of Chile (18–42° S). Marine Ecology 33: 317-325. 
Leliaert F, Verbruggen H, Vanormelingen P, Steen F, López-Bautista JM, 
Zuccarello GC, De Clerck O. 2014. DNA-based species delimitation in algae. 
European Journal of Phycology 49: 179-196. 
Lewis J, Hollingworth C. 1982. Leaf epifauna of the seagrass Thalassia testudinum. 
Marine Biology 71: 41-49. 
Li JJ, Hu ZM, Liu RY, Zhang J, Liu SL, Duan DL. 2016. Phylogeographic surveys 
and apomictic genetic connectivity in the North Atlantic red seaweed 
Mastocarpus stellatus. Molecular Phylogenetics and Evolution 94: 463-472. 
Li WH, Tanimura M, Sharp PM. 1987. An evaluation of the molecular clock hypothesis 
using mammalian DNA sequences. Journal of Molecular Evolution 25. 
 232 
  
Lima JSDd. 2013. Análise e monitoramento geoambiental da praia de Genipabu, 
Extremoz/RN. Master thesis, Federal University of Rio Grande do Norte. 
Lin C-P, Danforth BN. 2004. How do insect nuclear and mitochondrial gene 
substitution patterns differ? Insights from Bayesian analyses of combined 
datasets. Molecular Phylogenetics and Evolution 30: 686-702. 
Lindgren AR, Pankey MS, Hochberg FG, Oakley TH. 2012. A multi-gene phylogeny 
of Cephalopoda supports convergent morphological evolution in association 
with multiple habitat shifts in the marine environment. BMC Evolutionary Biology 
12: 1. 
Loreau M. 2010. Linking biodiversity and ecosystems: towards a unifying ecological 
theory. Philosophical Transactions of the Royal Society B: Biological Sciences 
365: 49-60. 
Loreau M, Naeem S, Inchausti P, Bengtsson J, Grime J, Hector A, Hooper D, 
Huston M, Raffaelli D, Schmid B. 2001. Biodiversity and ecosystem 
functioning: current knowledge and future challenges. science 294: 804-808. 
Lorenzen S. 1994. The phylogenetic systematics of free living nematodes. Ray 
society. 
Lotze HK, Schramm W, Schories D, Worm B. 1999. Control of macroalgal blooms 
at early developmental stages: Pilayella littoralis versus Enteromorpha spp. 
Oecologia 119: 46-54. 
Lovejoy T. 1980. Changes in biodiversity. In: Barney GO, ed. The Global 2000 Report 
to the President: Penguin Books. 327-332. 
Lovette IJ. 2004. Mitochondrial dating and mixed-support for the "2% rule" in birds. 
Auk 121. 
 233 
  
Lowe A, Boshier D, Ward M, Bacles C, Navarro C. 2005. Genetic resource impacts 
of habitat loss and degradation; reconciling empirical evidence and predicted 
theory for neotropical trees. Heredity 95: 255-273. 
Lowe WH, Allendorf FW. 2010. What can genetics tell us about population 
connectivity? Molecular Ecology 19: 3038-3051. 
Luiz OJ, Floeter SR, Rocha LA, Ferreira CE. 2013. Perspectives for the lionfish 
invasion in the South Atlantic: Are Brazilian reefs protected by the currents? 
Marine Ecology Progress Series 485: 1-7. 
Lyimo TJ, Mvungi EF, Mgaya YD. 2008. abundance and diversity of seagrass and 
macrofauna in the intertidal areas with and without seaweed farming activities 
in the east coast of Zanzibar. Tanzania Journal of Science 34. 
Lynch M. 2006. The origins of eukaryotic gene structure. Molecular biology and 
evolution 23. 
MacArthur R. 1955. Fluctuations of animal populations and a measure of community 
stability. Ecology 36: 533-536. 
Machado RCdA. 2015. Estrutura da comunidade fitoplanctônica e hidrologia do 
ecossistema recifal de porto de galinhas (Pernambuco-Brasil). PhD thesis, 
Federal University of Pernambuco. 
Machado RCdA, Feitosa FAdN, Koening ML, de Jesus MF, Bastos RB, Jales MC. 
2014. Phytoplankton productivity and hydrology of Porto de Galinhas reef 
ecosystem (Pernambuco, Brazil). Journal of Coastal Research 30: 371-378. 
Magini C, Gomes D, Veríssimoa CU, antônio neto B, Freire G. 2007. Avaliação 
ambiental da praia do Futuro, município de Fortaleza–Ceará. Revista de 
Geologia 20: 91-98. 
 234 
  
Magurran AE. 1988. Why diversity? Ecological diversity and its measurement: 
Springer. 1-5. 
Majewska R, Santoro M, Bolaños F, Chaves G, De Stefano M. 2015. Diatoms and 
other epibionts associated with Olive ridley (Lepidochelys olivacea) sea turtles 
from the Pacific Coast of Costa Rica. PloS one 10: e0130351. 
Marais GAB. 2007. The Hill-Robertson effects extend from nucleus to mitochondria. 
Heredity 99. 
Maranhão GMB. 2003. Distribuição espaço-temporal da meiofauna e da nematofauna 
no ecossistema recifal de Porto de Galinhas, Ipojuca, Pernambuco, Brasil. PhD 
thesis, Federa University of Pernambuco. 
Maria TF, Paiva P, Vanreusel A, Esteves AM. 2013. The relationship between sandy 
beach nematodes and environmental characteristics in two Brazilian sandy 
beaches (Guanabara Bay, Rio de Janeiro). Anais da Academia Brasileira de 
Ciencias 85: 257-270. 
Maria TF, Vanaverbeke J, Esteves AM, De Troch M, Vanreusel A. 2012. The 
importance of biological interactions for the vertical distribution of nematodes in 
a temperate ultra-dissipative sandy beach. Estuarine, Coastal and Shelf 
Science 97: 114-126. 
Marinho-Soriano E. 2016. Historical context of commercial exploitation of seaweeds 
in Brazil. Journal of Applied Phycology: 1-7. 
Marino MTRD, Freire GSS, Horn Filho NO. 2013. Variações granulométricas ao 
longo da costa da região metropolitana de Fortaleza, Ceará, Brasil. Revista de 
Gestão Costeira Integrada 13: 267-282. 
Markmann M, Tautz D. 2005. Reverse taxonomy: an approach towards determining 
the diversity of meiobenthic organisms based on ribosomal RNA signature 
 235 
  
sequences. Philosophical Transactions of the Royal Society B: Biological 
Sciences 360: 1917-1924. 
Martin AP, Naylor GJ, Palumbi SR. 1992. Rates of mitochondrial dna evolution in 
sharks are slow compared with mammals. Nature 357. 
Martin AP, Palumbi SR. 1993. Body size, metabolic rate, generation time, and the 
molecular clock. Proceedings of the National Academy of Sciences 90: 4087-
4091. 
Martin AP, Palumbi SR. 1993. Body size, metabolic-rate, generation time, and the 
molecular clock. Proceedings of the National Academy of Sciences of the 
United States of America 90. 
Masel J. 2011. Genetic drift. Current Biology 21: R837-R838. 
Mat Amin N, Najmiah Mustaffa N, Md Arshad N. 2004. Detection of Hartmannella 
sp, a free-living amoeba from Sungai Setiu, Terengganu. Trop Biomed 21: 77-
80. 
Mattio L, Payri CE. 2011. 190 years of Sargassum taxonomy, facing the advent of 
DNA phylogenies. The Botanical Review 77: 31-70. 
Matute D. 2013. The role of founder effects on the evolution of reproductive isolation. 
Journal of Evolutionary Biology 26: 2299-2311. 
May RM. 1973. Stability and complexity in model ecosystems. Princeton University 
Press. 
Mayden RL. 1997. A hierarchy of species concepts: the denouement in the saga of 
the species problem. 
Mayr E. 1942. Systematics and the origin of species, from the viewpoint of a zoologist. 
Harvard University Press. 
 236 
  
Mayr E. 1963. Animal species and evolution. Belknap Press of Harvard University 
Press Cambridge, Massachusetts. 
Mayr E, Ashlock P. 1991. Principles of systematic zoology. McGraw-Hill: New York. 
McGregor A, Coffey B, Deutsch C, Wescott G, Robinson J. 2008. Ecological 
processes in Victoria Policy priorities for sustaining  
biodiversity 
Melbourne: Victoria Naturally Alliance. 
McHugh DJ. 2003. A guide to the seaweed industry. Food and Agriculture 
Organization of the United Nations Rome. 
Meier R, Shiyang K, Vaidya G, Ng PK. 2006. DNA barcoding and taxonomy in 
Diptera: a tale of high intraspecific variability and low identification success. 
Systematic Biology 55: 715-728. 
Metri R. 2006. Ecologia de um banco de algas calcárias da Reserva Biológica Marinha 
do Arvoredo, SC, Brasil. Universidade Federal do Paraná. 
Migotto AE, Tiago CG, Magalhães ARM. 1993. Malacofauna marinha da região 
costeira do Canal de São Sebastião, SP, Brasil: Gastropoda, Bivalvia, 
Polyplacophora e Scaphopoda. Boletim do Instituto Oceanográfico 41: 13-27. 
Miljutina MA, Miljutin DM. 2015. A revision of the genus Paracanthonchus 
(Cyatholaimidae, Nematoda) with a tabular key to species and a description of 
P. mamubiae sp. n. from the deep North-Western Pacific. Deep Sea Research 
Part II: Topical Studies in Oceanography 111: 104-118. 
Millennium Ecosystem Assessment. 2005. Millennium Ecosystem Assessment 
Findings. Millennium Ecosystem Assessment. 
 237 
  
Miller R, Mann K, Scarratt D. 1971. Production potential of a seaweed-lobster 
community in eastern Canada. Journal of the Fisheries Board of Canada 28: 
1733-1738. 
Millspaugh J, Marzluff JM. 2001. Radio tracking and animal populations. Academic 
Press. 
Mineur F, Arenas F, Assis J, Davies AJ, Engelen AH, Fernandes F, Malta E-j, 
Thibaut T, Van Nguyen T, Vaz-Pinto F. 2015. European seaweeds under 
pressure: Consequences for communities and ecosystem functioning. Journal 
of Sea Research 98: 91-108. 
Mittelbach GG, Schemske DW, Cornell HV, Allen AP, Brown JM, Bush MB, 
Harrison SP, Hurlbert AH, Knowlton N, Lessios HA. 2007. Evolution and the 
latitudinal diversity gradient: speciation, extinction and biogeography. Ecology 
letters 10: 315-331. 
Moens T, Braeckman U, Derycke S, Fonseca G, Gallucci F, Gingold R, Guilini K, 
Ingels J, Leduc D, Vanaverbeke J. 2014. Ecology of free-living marine 
nematodes. In: Schmidt-Rhaesa A, ed. Handbook of Zoology: Nematoda. 109-
152. 
Moens T, Vincx M. 1997. Observations on the feeding ecology of estuarine 
nematodes. Journal of the Marine Biological Association of the United Kingdom 
77: 211-227. 
Moens T, Yeates G, De Ley P. 2004. Use of carbon and energy sources by 
nematodes. Nematology Monographs and Perspectives 2 2: 529-545. 
Mokievsky V, Azovsky A. 2002. Re-evaluation of species diversity patterns of free-
living marine nematodes. Marine Ecology Progress Series 238: 101-108. 
 238 
  
Molnar RI, Bartelmes G, Dinkelacker I, Witte H, Sommer RJ. 2011. Mutation rates 
and intraspecific divergence of the mitochondrial genome of Pristionchus 
pacificus. Molecular biology and evolution 28: 2317-2326. 
Montagne C. 1837. Centurie de plantes cellulaires exotiques nouvelles. Annales des 
Sciences Naturelles, Botanique 8: 345-370. 
Monteiro A, Pierce NE. 2001. Phylogeny of Bicyclus (Lepidoptera: Nymphalidae) 
inferred from COI, COII, and EF-1α gene sequences. Molecular Phylogenetics 
and Evolution 18: 264-281. 
Montouchet PC. 1979. Sur la communauté des animaux vagiles associés à 
Sargassum cymosum C. Agardh, à Ubatuba, Etat de São Paulo, Brésil∗. 
Studies on Neotropical Fauna and Environment 14: 33-64. 
Mooers AO, Harvey PH. 1994. Metabolic rate, generation time, and the rate of 
molecular evolution in birds. Molecular Phylogenetics and Evolution 3. 
Moore P. 1971. The nematode fauna associated with holdfasts of kelp (Laminaria 
hyperborea) in north-east Britain. Journal of the Marine Biological Association 
of the United Kingdom 51: 589-604. 
Moreno M, Ferrero T, Granelli V, Marin V, Albertelli G, Fabiano M. 2006. Across 
shore variability and trophodynamic features of meiofauna in a microtidal beach 
of the NW Mediterranean. Estuarine, Coastal and Shelf Science 66: 357-367. 
Morgan-Richards M, Trewick SA, Bartosch-Härlid A, Kardailsky O, Phillips MJ, 
Mclenachan PA, Penny D. 2008. Bird evolution: testing the Metaves clade with 
six new mitochondrial genomes. BMC Evolutionary Biology 8. 
Moriyama EN, Powell JR. 1997. Synonymous substitution rates in Drosophila: 
mitochondrial versus nuclear genes. Journal of Molecular Evolution 45: 378-
391. 
 239 
  
Mostafa Kamal SM, Jr., Md Aynul I. 2010. Socio-economic Correlates of Malnutrition 
among Married Women in Bangladesh. Malays J Nutr 16: 349-359. 
Moura ÍJM, dos Santos DF, de Melo Pinheiro FG, de Oliveira CJ. 2015. 
Caracterização dos períodos seco e chuvoso da cidade de Fortaleza (CE). 
Ciência e Natura 37: 3-7. 
Mulligan C, Kitchen A, Miyamoto M. 2006. Comment on "population size does not 
influence mitochondrial genetic diversity in animals". science 314. 
Mullis K, Faloona F, Scharf S, Saiki R, Horn G, Erlich H. 1986. Specific enzymatic 
amplification of DNA in vitro: the polymerase chain reaction. Cold Spring Harbor 
Symposia on Quantitative Biology: Cold Spring Harbor Laboratory Press, 263-
273. 
Mumby PJ. 2001. Beta and habitat diversity in marine systems: a new approach to 
measurement, scaling and interpretation. Oecologia 128: 274-280. 
Mundo-Ocampo M, Lambshead PJD, Debenham N, King IW, De Ley P, Baldwin 
JG, De Ley IT, Rocha-Olivares A, Waumann D, Thomas WK. 2007. 
Biodiversity of littoral nematodes from two sites in the Gulf of California. 
Hydrobiologia 586: 179-189. 
Muralikrishnamurty P. 1983. Intertidal phytal fauna off Gangavaram, East coast of 
India. Indian Journal of Marine Sciences 12: 85–89. 
Muraoka D. 2004. Seaweed resources as a source of carbon fixation. Bulletin-
Fisheries Research Agency Japan: 59-64. 
Muschick M, Indermaur A, Salzburger W. 2012. Convergent evolution within an 
adaptive radiation of cichlid fishes. Current Biology 22: 2362-2368. 
Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GA, Kent J. 2000. 
Biodiversity hotspots for conservation priorities. Nature 403: 853-858. 
 240 
  
Nabholz B, Glémin S, Galtier N. 2008. Strong variations of mitochondrial mutation 
rate across mammals-the longevity hypothesis. Molecular biology and evolution 
25. 
Nabholz B, Glémin S, Galtier N. 2008. Strong variations of mitochondrial mutation 
rate across mammals—the longevity hypothesis. Molecular biology and 
evolution 25: 120-130. 
Nabholz B, Glémin S, Galtier N. 2009. The erratic mitochondrial clock: variations of 
mutation rate, not population size, affect mtDNA diversity across birds and 
mammals. BMC Evolutionary Biology 9: 54. 
Nabholz B, Mauffrey JF, Bazin E, Galtier N, Glémin S. 2008. Determination of 
mitochondrial genetic diversity in mammals. Genetics 178. 
Nagelkerken I, van der Velde G, Gorissen MW, Meijer GJ, Van't Hof T, den Hartog 
C. 2000. Importance of Mangroves, Seagrass Beds and the Shallow Coral Reef 
as a Nursery for Important Coral Reef Fishes, Using a Visual Census 
Technique. Estuarine, Coastal and Shelf Science 51: 31-44. 
Nei M. 1977. F‐statistics and analysis of gene diversity in subdivided populations. 
Annals of Human Genetics 41: 225-233. 
Nei M. 1979. Mathematical model for studying genetic variation in terms of restriction 
endonuclease. Proc. Natl. Acad. Sci. USA 89: 1477-1481. 
Nei M. 1983. Genetic polymorphism and the role of mutation in evolution. Evolution of 
genes and proteins 71: 165-190. 
Nei M. 1987. Molecular evolutionary genetics. Columbia university press. 
Nei M, Graur D. 1984. Extent of protein polymorphism and the neutral mutation theory. 
Evolutionary Biology 17. 
 241 
  
Nei M, Maruyama T, Chakraborty R. 1975. The bottleneck effect and genetic 
variability in populations. Evolution: 1-10. 
Neves A, Sequeira V, Vieira AR, Paiva R, Gordo LS. 2009. Feeding habits of the 
cuttlefish Sepia officinalis during its life cycle in the Sado estuary (Portugal). 
Hydrobiologia 636: 479-488. 
Nevo E, Beiles A, Ben-Shlomo R. 1984. The evolutionary significance of genetic 
diversity: Ecological, demographic and life-history correlates Lecture Notes in 
Biomathematics 53: Evolutionary Dynamics of Genetic Diversity. 
Nicholas W, Hodda M. 1999. The free-living nematodes of a temperate, high energy, 
sandy beach: faunal composition and variation over space and time. 
Hydrobiologia 394: 113-127. 
Norse E, Rosenbaum K, Wilcove D, Wilcox B, Romme W, Johnston D, Stout M. 
1986. Conserving Biological Diversity in Our National Forests. The Wilderness 
Society: Washington, DC. 
Norton T, Benson M. 1983. Ecological interactions between the brown seaweed 
Sargassum muticum and its associated fauna. Marine Biology 75: 169-177. 
Novak R. 1982. Spatial and seasonal distribution of the meiofauna in the seagrass 
Posidonia oceanica. Netherlands Journal of Sea Research 16: 380-388. 
O'Halloran DM, Fitzpatrick DA, Burnell A. 2006. The chemosensory system of 
Caenorhabditis elegans and other nematodes. Chemical ecology: from gene to 
ecosystem 16: 71. 
Ohta T. 1993. An examination of the generation-time effect on molecular evolution. 
Proceedings of the National Academy of Sciences of the United States of 
America 90. 
 242 
  
Ólafsson E, Johnstone RW, Ndaro SG. 1995. Effects of intensive seaweed farming 
on the meiobenthos in a tropical lagoon. Journal of Experimental Marine Biology 
and Ecology 191: 101-117. 
Olds AD, Pitt KA, Maxwell PS, Connolly RM. 2012. Synergistic effects of reserves 
and connectivity on ecological resilience. Journal of Applied Ecology 49: 1195-
1203. 
Oliveira MMNd. 2012. Aspectos morfológicos e sedimentares associados à dinâmica 
do Litoral Oeste de Icapuí, Ceará. Federal University of Ceará. 
Päckert M, Martens J, Tietze DT, Dietzen C, Wink M, Kvist L. 2007. Calibration of a 
molecular clock in tits (Paridae)-do nucleotide substitution rates of mitochondrial 
genes deviate from the 2% rule? Molecular Phylogenetics and Evolution 44. 
Paiva M, Le Gall J-Y. 1975. Catches of tunas and tuna like fishes, in the longline 
fishery areas off the coast of brazil. Arq cien Mar 15: 157-174. 
Palmer JD, Adams KL, Cho YR, Parkinson CL, Qiu YL, Song KM. 2000. Dynamic 
evolution of plant mitochondrial genomes: mobile genes and introns and highly 
variable mutation rates. Proceedings of the National Academy of Sciences of 
the United States of America 97. 
Palmer MA. 1988. Dispersal of marine meiofauna: a review and conceptual model 
explaining passive transport and active emergence with implications for 
recruitment. Marine ecology progress series. Oldendorf 48: 81-91. 
Palomares-Rius JE, Cantalapiedra-Navarrete C, Castillo P. 2014. Cryptic species 
in plant-parasitic nematodes. Nematology 16: 1105-1118. 
Pape E, van Oevelen D, Moodley L, Soetaert K, Vanreusel A. 2013. Nematode 
feeding strategies and the fate of dissolved organic matter carbon in different 
 243 
  
deep-sea sedimentary environments. Deep Sea Research Part I: 
Oceanographic Research Papers 80: 94-110. 
Paul VJ, Fenical W. 1986. Chemical defense in tropical green algae, order 
Caulerpales. Mar. Ecol. Prog. Ser 34: 157-169. 
Payo DA, Leliaert F, Verbruggen H, D'hondt S, Calumpong HP, De Clerck O. 2013. 
Extensive cryptic species diversity and fine-scale endemism in the marine red 
alga Portieria in the Philippines. Proc. R. Soc. B: The Royal Society, 20122660. 
Pereira MD, Schettini CAF, Omachi CY. 2009. Caracterização de feições 
oceanográficas na plataforma de Santa Catarina através de imagens orbitais. 
Revista Brasileira de Geofísica 27: 81-93. 
Pereira SL, Baker AJ. 2006. A mitogenomic timescale for birds detects variable 
phylogenetic rates of molecular evolution and refutes the standard molecular 
clock. Molecular biology and evolution 23. 
Pereira SP, Cavalcante IN, Gomes MdCR, Gomes DF. 2009. Qualidade 
bacteriológica das águas subterrâneas nos bairros da barra do ceará, cristo 
redentor e pirambu, fortaleza/ceará. Águas Subterrâneas 1. 
Peres TF. 2012. Influência da biota na acumulação de metais pesados nos 
sedimentos superficiais do estuário do Rio Jaguaribe, Praia de Ponta Grossa e 
Praia de Arpoeira, Ceará. Federal University of Ceará. 
Pérez-García J, Ruiz-Abierno A, Armenteros M. 2015. Does morphology of host 
marine macroalgae drive the ecological structure of epiphytic meiofauna. J Mar 
Biol Oceanogr 4 1: 2. 
Pérez‐Portela R, Almada V, Turon X. 2013. Cryptic speciation and genetic structure 
of widely distributed brittle stars (Ophiuroidea) in Europe. Zoologica Scripta 42: 
151-169. 
 244 
  
Pfenninger M, Schwenk K. 2007. Cryptic animal species are homogeneously 
distributed among taxa and biogeographical regions. BMC Evolutionary Biology 
7: 121. 
Phillips J. 2013. Seaweed celebration. Wildlife Australia 50: 9. 
Pilot M, Greco C, Vonholdt B, Jedrzejewska B, Randi E, Jedrzejewski W, 
Sidorovich V, Ostrander E, Wayne R. 2014. Genome-wide signatures of 
population bottlenecks and diversifying selection in European wolves. Heredity 
112: 428-442. 
Pineda J, Hare JA, Sponaungle S. 2007. Larval transport and dispersal in the coastal 
ocean and consequences for population connectivity. 
Pinsky ML, Palumbi SR. 2014. Meta-analysis reveals lower genetic diversity in 
overfished populations. Mol Ecol 23: 29-39. 
Platt HM, Warwick RM, Furstenberg JP. 1985. Free-living Marine Nematodes. Part 
1 British Enoplids. South African Journal of Zoology 20: 177-177. 
Poage MA, Barrett JE, Virginia RA, Wall DH. 2008. The influence of soil 
geochemistry on nematode distribution, McMurdo Dry Valleys, Antarctica. 
Arctic, Antarctic, and Alpine Research 40: 119-128. 
Popadin K, Polishchuk LV, Mamirova L, Knorre D, Gunbin K. 2007. Accumulation 
of slightly deleterious mutations in mitochondrial protein-coding genes of large 
versus small mammals. Proceedings of the National Academy of Sciences of 
the United States of America 104. 
Porter J, Ryland J, Carvalho G. 2002. Micro-and macrogeographic genetic structure 
in bryozoans with different larval strategies. Journal of Experimental Marine 
Biology and Ecology 272: 119-130. 
 245 
  
Pringle C. 2003. The need for a more predictive understanding of hydrologic 
connectivity. Aquatic Conservation: Marine and Freshwater Ecosystems 13: 
467-471. 
Raes M, Decraemer W, Vanreusel A. 2008. Walking with worms: coral‐associated 
epifaunal nematodes. Journal of Biogeography 35: 2207-2222. 
Raes M, Vanreusel A. 2006. Microhabitat type determines the composition of 
nematode communities associated with sediment-clogged cold-water coral 
framework in the Porcupine Seabight (NE Atlantic). Deep Sea Research Part I: 
Oceanographic Research Papers 53: 1880-1894. 
Rand D, Kann L. 1996. Excess amino acid polymorphism in mitochondrial dna: 
contrasts among genes from drosophila, mice, and humans. Molecular biology 
and evolution 13. 
Rand DM. 1994. Thermal habit, metabolic-rate and the evolution of mitochondrial-
DNA. Trends in Ecology & Evolution 9. 
Randall LA, Diehl RH, Wilson BC, Barrow WC, Jeske CW. 2011. Potential use of 
weather radar to study movements of wintering waterfowl. The Journal of 
Wildlife Management 75: 1324-1329. 
Rannala B, Yang Z. 2007. Inferring speciation times under an episodic molecular 
clock. Systematic Biology 56. 
Ratnasingham S, Hebert PDN. 2007. BOLD: the barcode of life data system. 
Molecular Ecology Notes 7. 
Rauch EM, Bar-Yam Y. 2005. Estimating the total genetic diversity of a spatial field 
population from a sample and implications of its dependence on habitat area. 
Proceedings of the National Academy of Sciences of the United States of 
America 102: 9826-9829. 
 246 
  
Ravaoarimanana I, Tiedemann R, Montagnon D, Rumpler Y. 2004. Molecular and 
cytogenetic evidence for cryptic speciation within a rare endemic Malagasy 
lemur, the Northern Sportive Lemur (Lepilemur septentrionalis). Molecular 
Phylogenetics and Evolution 31: 440-448. 
Reed TE, Schindler DE, Waples RS. 2011. Interacting effects of phenotypic plasticity 
and evolution on population persistence in a changing climate. Conservation 
Biology 25: 56-63. 
Reise K. 2002. Sediment mediated species interactions in coastal waters. Journal of 
Sea Research 48: 127-141. 
Remane A. 1933. Verteilung und organisation der benthonischen Mikrofauna der 
Kieler Bucht. 
Renema W. 2015. Spatiotemporal variation in morphological evolution in the 
Oligocene–Recent larger benthic foraminifera genus Cycloclypeus reveals 
geographically undersampled speciation. GeoResJ 5: 12-22. 
Reusch TB, Ehlers A, Hämmerli A, Worm B. 2005. Ecosystem recovery after climatic 
extremes enhanced by genotypic diversity. Proceedings of the National 
Academy of Sciences of the United States of America 102: 2826-2831. 
Rice A, Lambshead P. 1994. Patch dynamics in the deep-sea benthos: the role of a 
heterogeneous supply of organic matter. Aquatic ecology: scale, pattern and 
process: 469-497. 
Rice WR. 1989. Analyzing tables of statistical tests. Evolution 43: 223-225. 
Riera P, Hubas C. 2003. Trophic ecology of nematodes from various microhabitats of 
the Roscoff Aber Bay (France): importance of stranded macroalgae evidenced 
through δ13C and δ15N. Marine Ecology Progress Series 260: 151-159. 
 247 
  
Rising JD, Avise JC. 1993. Application of genealogical-concordance principles to the 
taxonomy and evolutionary history of the Sharp-tailed Sparrow (Ammodramus 
caudacutus). The Auk: 844-856. 
Rocha A. 2013. A comunidade de Flecheiras no contexto da zona costeira Diagnóstico 
Socioambiental Participativo da Comunidade de Flecheiras, Trairí - CE. Trairí: 
UFC. 69. 
Rodrigues JAG, Araujo GS. 2011. Maricultura da alga marinha vermelha Gracilaria 
birdiae em Icapuí, Ceará. Arquivos de Ciências do Mar 44: 62-68. 
Rogers AR, Harpending H. 1992. Population growth makes waves in the distribution 
of pairwise genetic differences. Molecular biology and evolution 9: 552-569. 
Rohde K. 1992. Latitudinal gradients in species diversity: the search for the primary 
cause. Oikos: 514-527. 
Romano C, Widdows J, Brinsley M, Staff F. 2003. Impact of Enteromorpha 
intestinalis mats on near-bed currents and sediment dynamics: flume studies. 
Marine Ecology Progress Series 256: 63-74. 
Rosenzweig ML. 1995. Species diversity in space and time. Cambridge University 
Press. 
Roy E, Quattro J, Greig T. 2012. Genetic management of Black Sea Bass: Influence 
of biogeographic barriers on population structure. Marine and Coastal Fisheries 
4: 391-402. 
Russo AR. 1990. The role of seaweed complexity in structuring Hawaiian epiphytal 
amphipod communities. Hydrobiologia 194: 1-12. 
Rutz C, Hays GC. 2009. New frontiers in biologging science. Biology letters 5: 289-
292. 
 248 
  
Rysgaard S, Christensen PB, Sørensen MV, Funch P, Berg P. 2000. Marine 
meiofauna, carbon and nitrogen mineralization in sandy and soft sediments of 
Disko Bay, West Greenland. Aquatic Microbial Ecology 21: 59-71. 
Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald 
E, Huenneke LF, Jackson RB, Kinzig A. 2000. Global biodiversity scenarios 
for the year 2100. science 287: 1770-1774. 
Samuels D. 2004. Mitochondrial DNA repeats constrain the life span of mammals. 
Trends in Genetics 20. 
Santos RCdAL, de Albuquerque ALS, Gama NA. 2014. Vulnerabilidade e variações 
morfodinâmicas das praias do Litoral norte do município de Maceió-AL. 
Reflexões e Práticas Geográficas 1: 127-135. 
Santos S, Hrbek T, Farias IP, Schneider H, Sampaio I. 2006. Population genetic 
structuring of the king weakfish, Macrodon ancylodon (Sciaenidae), in Atlantic 
coastal waters of South America: deep genetic divergence without 
morphological change. Molecular Ecology 15: 4361-4373. 
Sarmento V, Santos P. 2012. Trampling on coral reefs: tourism effects on harpacticoid 
copepods. Coral Reefs 31: 135-146. 
Sarmento VC, Barreto AFS, Santos PJP. 2013. Recovery of meiofauna following a 
short-term disturbance on coral reefs. Biodiversity and Conservation 22: 2645-
2663. 
Schanz A, Polte P, Asmus H. 2002. Cascading effects of hydrodynamics on an 
epiphyte–grazer system in intertidal seagrass beds of the Wadden Sea. Marine 
Biology 141: 287-297. 
 249 
  
Schizas N, Chandler G, Coull B, Klosterhaus S, Quattro J. 2001. Differential 
survival of three mitochondrial lineages of a marine benthic copepod exposed 
to a pesticide mixture. Environmental Science & Technology 35: 535-538. 
Schmid-Araya J, Hildrew A, Robertson A, Schmid P, Winterbottom J. 2002. The 
importance of meiofauna in food webs: evidence from an acid stream. Ecology 
83: 1271-1285. 
Schramm W. 1999. Factors influencing seaweed responses to eutrophication: some 
results from EU-project EUMAC. Sixteenth International Seaweed Symposium: 
Springer, 583-592. 
Sedlacek L, Thistle D. 2006. Emergence on the continental shelf: differences among 
species and between microhabitats. Marine Ecology Progress Series 311: 29-
36. 
Selkoe KA, Watson JR, White C, Horin TB, Iacchei M, Mitarai S, Siegel DA, Gaines 
SD, Toonen RJ. 2010. Taking the chaos out of genetic patchiness: seascape 
genetics reveals ecological and oceanographic drivers of genetic patterns in 
three temperate reef species. Molecular Ecology 19: 3708-3726. 
Serruys M, Van Dyck H. 2014. Development, survival, and phenotypic plasticity in 
anthropogenic landscapes: trade-offs between offspring quantity and quality in 
the nettle-feeding peacock butterfly. Oecologia 176: 379-387. 
Shafie NH, Mohd Esa N, Ithnin H, Md Akim A, Saad N, Pandurangan AK. 2013. 
Preventive inositol hexaphosphate extracted from rice bran inhibits colorectal 
cancer through involvement of Wnt/beta-catenin and COX-2 pathways. Biomed 
Res Int 2013: 681027. 
Sharma O. 1986. Textbook of algae. Tata McGraw-Hill Education. 
 250 
  
Shields GF, Wilson AC. 1987. Calibration of mitochondrial DNA evolution in geese. 
Journal of Molecular Evolution 24. 
Singh J. 2002. The biodiversity crisis: a multifaceted review. Current Science 82: 638-
647. 
Slack KE, Delsuc F, Mclenachan PA, Arnason U, Penny D. 2007. Resolving the 
root of the avian mitogenomic tree by breaking up long branches. Molecular 
Phylogenetics and Evolution 42. 
Soetaert K, Franco M, Lampadariou N, Muthumbi A, Steyaert M, Vandepitte L, 
vanden Berghe E, Vanaverbeke J. 2009. Factors affecting nematode 
biomass, length and width from the shelf to the deep sea. Marine Ecology 
Progress Series 392: 123-132. 
Soetaert K, Heip C. 1995. Nematode assemblages of deep-sea and shelf break sites 
in the North Atlantic and Mediterranean Sea. Marine Ecology Progress Series 
125: 171-183. 
Sollars V, Lu X, Xiao L, Wang X, Garfinkel MD, Ruden DM. 2003. Evidence for an 
epigenetic mechanism by which Hsp90 acts as a capacitor for morphological 
evolution. Nature genetics 33: 70-74. 
Solorzano CD, Szalanski AL, Kence M, McKern JA, Austin JW, Kence A. 2009. 
Phylogeography and population genetics of honey bees (Apis mellifera) from 
Turkey based on COI-COII sequence data. Sociobiology 53: 237. 
Song SJ, Ryu J, Khim JS, Kim W, Yun SG. 2010. Seasonal variability of community 
structure and breeding activity in marine phytal harpacticoid copepods on Ulva 
pertusa from Pohang, east coast of Korea. Journal of Sea Research 63: 1-10. 
 251 
  
Spalding MD, Fox HE, Allen GR, Davidson N, Ferdaña ZA, Finlayson M, Halpern 
BS, Jorge MA, Lombana A, Lourie SA. 2007. Marine ecoregions of the world: 
a bioregionalization of coastal and shelf areas. BioScience 57: 573-583. 
Spielman D, Brook B, Frankham R. 2004. Most species are not driven to extinction 
before genetic factors impact them. Proceedings of the National Academy of 
Sciences of the United States of America 101. 
Sponer R, Roy MS. 2002. Phylogeographic analysis of the brooding brittle star 
Amphipholis squamata (Echinodermata) along the coast of New Zealand 
reveals high cryptic genetic variation and cryptic dispersal potential. Evolution 
56: 1954-1967. 
Springer M, Debry R, Douady C, Amrine H, Madsen O, de Jong W, Stanhope M. 
2001. Mitochondrial versus nuclear gene sequences in deep-level mammalian 
phylogeny reconstruction. Molecular biology and evolution 18. 
Springer MS, Amrine HM, Burk A, Stanhope MJ. 1999. Additional support for 
Afrotheria and Paenungulata, the performance of mitochondrial versus nuclear 
genes, and the impact of data partitions with heterogeneous base composition. 
Systematic Biology 48. 
Stanley SE, Harrison RG. 1999. Cytochrome b evolution in birds and mammals: an 
evaluation of the avian constraint hypothesis. Molecular biology and evolution 
16. 
Statsoft I. 2004. STATISTICA (data analysis software system), version 7. Online at: 
www. statsoft. com. 
Stevenson RJ, Stoermer E. 1982. Seasonal abundance patterns of diatoms on 
Cladophora in Lake Huron. Journal of Great Lakes Research 8: 169-183. 
 252 
  
Steyaert M, Garner N, van Gansbeke D, Vincx M. 1999. Nematode communities 
from the North Sea: environmental controls on species diversity and vertical 
distribution within the sediment. Journal of the Marine Biological Association of 
the UK 79: 253-264. 
Steyaert M, Herman P, Moens T, Widdows J, Vincx M. 2001. Tidal migration of 
nematodes on an estuarine tidal flat (the Molenplaat, Schelde Estuary, SW 
Netherlands). Marine Ecology Progress Series 224: 299-304. 
Steyaert M, Moodley L, Vanaverbeke J, Vandewiele S, Vincx M. 2005. Laboratory 
experiments on the infaunal activity of intertidal nematodes. Hydrobiologia 540: 
217-223. 
Steyaert M, Vanaverbeke J, Vanreusel A, Barranguet C, Lucas C, Vincx M. 2003. 
The importance of fine-scale, vertical profiles in characterising nematode 
community structure. Estuarine, Coastal and Shelf Science 58: 353-366. 
Street G, Lotufo G, Montagna P, Fleeger J. 1998. Reduced genetic diversity in a 
meiobenthic copepod exposed to a xenobiotic. Journal of Experimental Marine 
Biology and Ecology 222: 93-111. 
Street G, Montagna P. 1996. Loss of genetic diversity in Harpacticoida near offshore 
platforms. Marine Biology 126: 271-282. 
Sudhaus W. 1974. Nematoden (insbesondere Rhabditiden) des Strandanwurfs und 
ihre Beziehungen zu Krebsen. Faunistisch Okologische Mitteilungen 4: 365-
400. 
Sun Z, Mwipatayi BP, Allen YB, Hartley DE, Lawrence-Brown MM. 2009. 
Computed tomography virtual intravascular endoscopy in the evaluation of 
fenestrated stent graft repair of abdominal aortic aneurysms. ANZ J Surg 79: 
836-840. 
 253 
  
Sunnucks P. 2000. Efficient genetic markers for population biology. Trends in Ecology 
& Evolution 15: 199-203. 
Tajima F. 1989. Statistical-method for testing the neutral mutation hypothesis by DNA 
polymorphism. Genetics 123. 
Takao S, Kumagai NH, Yamano H, Fujii M, Yamanaka Y. 2015. Projecting the 
impacts of rising seawater temperatures on the distribution of seaweeds around 
Japan under multiple climate change scenarios. Ecology and evolution 5: 213-
223. 
Tamura K, Nei M. 1993. Estimation of the number of nucleotide substitutions in the 
control region of mitochondrial DNA in humans and chimpanzees. Molecular 
biology and evolution 10: 512-526. 
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6: molecular 
evolutionary genetics analysis version 6.0. Molecular biology and evolution 30: 
2725-2729. 
Taylor PD, Fahrig L, Henein K, Merriam G. 1993. Connectivity is a vital element of 
landscape structure. Oikos: 571-573. 
Taylor RB. 1997. Seasonal variation in assemblages of mobile epifauna inhabiting 
three subtidal brown seaweeds in northeastern New Zealand. Hydrobiologia 
361: 25-35. 
Taylor WR. 1967. Species of Caulerpa (Chlorophyceae) collected on the international 
Indian Ocean expedition. Blumea-Biodiversity, Evolution and Biogeography of 
Plants 15: 45-53. 
Team RDC. 2004.  R: A language and environment for statistical computing. 
 254 
  
Templeton AR. 1998. Nested clade analyses of phylogeographic data: testing 
hypotheses about gene flow and population history. Molecular Ecology 7: 381-
397. 
Tenore KR. 1976. Food chain dynamics of abalone in a polyculture system. 
Aquaculture 8: 23-27. 
Terborgh J. 1973. On the notion of favorableness in plant ecology. American 
Naturalist: 481-501. 
Thiel M, Gutow L. 2005. The ecology of rafting in the marine environment. I. The 
floating substrata. Oceanography and Marine Biology: an annual review 42: 
181-264. 
Thiel M, Gutow L. 2005. The ecology of rafting in the marine environment. II. The 
rafting organisms and community. Oceanography and Marine Biology - an 
Annual Review, Vol. 43 43: 279-418. 
Thiel M, Haye PA. 2006. The ecology of rafting in the marine environment. III. 
Biogeographical and evolutionary consequences. 
Thomas JA, Welch JJ, Woolfit M, Bromham L. 2006. There is no universal molecular 
clock for invertebrates, but rate variation does not scale with body size. 
Proceedings of the National Academy of Sciences 103: 7366-7371. 
Thomas MC, Lana PC. 2011. A new look into the small-scale dispersal of free-living 
marine nematodes. Zoologia (Curitiba) 28: 449-456. 
Thompson JD, Higgins DG, Gibson TJ. 1994. CLUSTAL W: improving the sensitivity 
of progressive multiple sequence alignment through sequence weighting, 
position-specific gap penalties and weight matrix choice. Nucleic Acids 
Research 22. 
 255 
  
Thorne J, Kishino H. 2002. Divergence time and evolutionary rate estimation with 
multilocus data. Systematic Biology 51. 
Thorne J, Kishino H, Painter I. 1998. Estimating the rate of evolution of the rate of 
molecular evolution. Molecular biology and evolution 15. 
Tietjen JH, Lee JJ. 1973. Life history and feeding habits of the marine nematode, 
Chromadora macrolaimoides Steiner. Oecologia 12: 303-314. 
Tilman D. 1996. Biodiversity: population versus ecosystem stability. Ecology 77: 350-
363. 
Tilman D, Reich PB, Knops J, Wedin D, Mielke T, Lehman C. 2001. Diversity and 
productivity in a long-term grassland experiment. science 294: 843-845. 
Tilman D, Wedin D, Knops J. 1996. Productivity and sustainability influenced by 
biodiversity in grassland ecosystems. Nature 379: 718-720. 
Tita G, Vincx M, Desrosiers G. 1999. Size spectra, body width and morphotypes of 
intertidal nematodes: an ecological interpretation. Journal of the Marine 
Biological Association of the UK 79: 1007-1015. 
Tom Dieck I, De Oliveira E. 1993. The section Digitatae of the genus Laminaria 
(Phaeophyta) in the northern and southern Atlantic: crossing experiments and 
temperature responses. Marine Biology 115: 151-160. 
Toyohara T, Nakaoka M, Aioi K. 1999. Population Dynamics and Reproductive Traits 
of Phytal Gastropods in Seagrass Bed in Otsuchi Bay, North‐Eastern Japan. 
Marine Ecology 20: 273-289. 
Travizi A, Zavodnik N. 2004. Phenology of Caulerpa taxifolia and temporal dynamics 
of its epibiontic meiofauna in the port of Malinska (Croatia, northern Adriatic 
Sea). Scientia Marina 68: 145-154. 
 256 
  
Trontelj P, Fišer C. 2009. Cryptic species diversity should not be trivialised. 
Systematics and Biodiversity 7: 1-3. 
Trotter D, Webster J. 1983. Distribution and abundance of marine nematodes on the 
kelp Macrocystic integrifolia. Marine Biology 78: 39-43. 
Udalov A, Azovsky A, Mokievsky V. 2005. Depth-related pattern in nematode size: 
What does the depth itself really mean? Progress in Oceanography 67: 1-23. 
Ullah F, Othman MB, Javed F, Ahmad Z, Md Akil H. 2015. Classification, processing 
and application of hydrogels: A review. Mater Sci Eng C Mater Biol Appl 57: 
414-433. 
Ullberg J, Ólafsson E. 2003. Free-living marine nematodes actively choose habitat 
when descending from the water column. Marine Ecology Progress Series 260: 
141-149. 
UNCTAD/GATT. 1981. Estudio Piloto sobre la Industria y el Comercio Mundiales de 
Algas. Center for International Commerce, Geneva. 99. 
Urban-Malinga B, Wiktor J, Jabłońska A, Moens T. 2005. Intertidal meiofauna of a 
high-latitude glacial Arctic fjord (Kongsfjorden, Svalbard) with emphasis on the 
structure of free-living nematode communities. Polar Biology 28: 940-950. 
Valentine JF, Duffy JE. 2007. The central role of grazing in seagrass ecology 
Seagrasses: Biology, ecologyand conservation: Springer. 463-501. 
Van Donk E. 1998. Switches between clear and turbid water states in a 
biomanipulated lake (1986–1996): the role of herbivory on macrophytes The 
structuring role of submerged macrophytes in lakes: Springer. 290-297. 
Vanaverbeke J, Merckx B, Degraer S, Vincx M. 2011. Sediment-related distribution 
patterns of nematodes and macrofauna: Two sides of the benthic coin? Marine 
Environmental Research 71: 31-40. 
 257 
  
Vaz Manso VDA, Coutinho PDN, Guerra NC, Soares Jr CDA. 2006. Erosão e 
progradação do litoral brasileiro,  pernambuco. 179-196. 
Vellend M. 2006. The consequences of genetic diversity in competitive communities. 
Ecology 87: 304-311. 
Venekey V. 2008. Atualização do conhecimento taxonômico dos Nematoda da Costa 
brasileira e sua ecologia na praia de Tamandaré-PE (Brazil). Federal University 
of Pernambuco. 
Venekey V, Genevois VGdF, Rocha CMCd, Santos PJPd. 2008. Distribuição 
espaço-temporal da meiofauna em sargassum Polyceratium montagne 
(fucales, sargassaceae) de um costão rochoso do nordeste do brasil. 
Veras DRA. 2011. Moluscos associados à macroalga Pterocladiella caerulescens 
(Rhodophyta, Pterocladiacea) na zona entremarés da Praia de Pedra Rachada, 
Paracuru, Ceará. Master thesis, Federal University of Ceará. 
Vidotti EC, Rollemberg MdE. 2004. Algas: da economia nos ambientes aquáticos à 
bioremediação e à química analítica. Química nova 27: 139-145. 
Vieira Hazin F, Wor C, Lins Oliveira J, Hamilton S, Travassos P, Geber F. 2008. 
Resultados obtidos por meio do fundeio de um correntografo na plataforma 
continental do Estado do Rio grande do norte, Brasil. Arquivos de Ciências do 
Mar 41: 30-35. 
Villares R, Puente X, Carballeira A. 2002. Seasonal variation and background levels 
of heavy metals in two green seaweeds. Environmental Pollution 119: 79-90. 
Vranken G, Heip C. 1986. The productivity of marine nematodes. Ophelia 26: 429-
442. 
Vrijenhoek RC, Schutz SJ, Gustafson RG, Lutz RA. 1994. Cryptic species of deep-
sea clams (Mollusca: Bivalvia: Vesicomyidae) from hydrothermal vent and cold-
 258 
  
water seep environments. Deep Sea Research Part I: Oceanographic Research 
Papers 41: 1171-1189. 
Vroom PS, Smith CM, Coyer JA, Walters LJ, Hunter CL, Beach KS, Smith JE. 
2003. Field biology of Halimeda tuna (Bryopsidales, Chlorophyta) across a 
depth gradient: comparative growth, survivorship, recruitment, and 
reproduction. Hydrobiologia 501: 149-166. 
Wahl M, Goecke F, Labes A, Dobretsov S, Weinberger F. 2012. The second skin: 
ecological role of epibiotic biofilms on marine organisms. Frontiers in 
microbiology 3: 292. 
Walker B, Holling CS, Carpenter SR, Kinzig A. 2004. Resilience, adaptability and 
transformability in social--ecological systems. Ecology and Society 9: 5. 
Walker BH. 1992. Biodiversity and ecological redundancy. Conservation Biology 6: 
18-23. 
Wallace AR. 1878. Tropical nature, and other essays. Macmillan and Company. 
Wang J, Zhou H, Zhang Z, Cong B, Xu S. 2011. Effects of organic enrichment on 
sandy beach meiofauna: A laboratory microcosm experiment. Journal of Ocean 
University of China 10: 246. 
Ward A. 1975. Studies on the sublittoral free-living nematodes of Liverpool Bay. II. 
Influence of sediment composition on the distribution of marine nematodes. 
Marine Biology 30: 217-225. 
Warwick R. 1977. The structure and seasonal fluctuations of phytal marine nematode 
associations on the Isles of Scilly: Pergamon Press. 
Warwick R, Platt H, Somerfield P. 1998. Freeliving marine nematodes: Part III. 
Monhysterida. Synopses of the British Fauna No. 53: Field Studies Council. 
 259 
  
Watterson G. 1975. Number of segregating sites in genetic models without 
recombination. Theoretical Population Biology 7. 
Webster MS, Marra PP, Haig SM, Bensch S, Holmes RT. 2002. Links between 
worlds: unraveling migratory connectivity. Trends in Ecology & Evolution 17: 76-
83. 
Wedekin LL, Neves MC, Marcondes MC, Baracho C, Rossi‐Santos MR, Engel MH, 
Simões‐Lopes PC. 2010. Site fidelity and movements of humpback whales 
(Megaptera novaeangliae) on the Brazilian breeding ground, southwestern 
Atlantic. Marine Mammal Science 26: 787-802. 
Weinberg W. 1908. Über den nachweis der vererbung beim menschen. 
Weir JT, Schluter D. 2008. Calibrating the avian molecular clock. Molecular Ecology 
17. 
Welch JJ, Bininda-Emonds ORP, Bromham L. 2008. Correlates of substitution rate 
variation in mammalian protein-coding sequences. BMC Evolutionary Biology 
8. 
Wetzel M, Weber A, Giere O. 2002. Re-colonization of anoxic/sulfidic sediments by 
marine nematodes after experimental removal of macroalgal cover. Marine 
Biology 141: 679-689. 
Whatley R, Wall D. 1975. The relationship between Ostracoda and algae in littoral and 
sublittoral marine environments. Bulletin of the American Paleontological 
Society 65: 173-203. 
Wheeler Q, Meier R. 2000. Species concepts and phylogenetic theory: a debate. 
Columbia University Press. 
Wiens JJ, Donoghue MJ. 2004. Historical biogeography, ecology and species 
richness. Trends in Ecology & Evolution 19: 639-644. 
 260 
  
Wieser W. 1951. Untersuchungen über die algenbewohnende Mikrofauna mariner 
Hartböden. I. Zur Ökologie und Systematik der Nematodenfauna von Plymouth. 
Österreichische Zoologische Zeitschrift 3: 425–480. 
Wieser W. 1952. Investigations on the microfauna inhabiting seaweeds on rocky 
coasts. IV, Studies on the vertical distribution of the fauna inhabiting seaweeds 
below the Plymouth Laboratory. Journal of the Marine Biological Association of 
the United Kingdom. 31: 145-174. 
Wieser W. 1953. Die Beziehung zwischen Mundhöhlengestalt, Ernährungsweise und 
Vorkommen bei freilebenden marinen Nematoden: eine ökologisch-
morphologische Studie. Arkiv für Zoologie 4: 439 – 484. 
Wieser W. 1959. Zur Ökologie der Fauna mariner Algen mit besonderer 
Berücksichtigung des Mittelmeeres. Internationale Revue der gesamten 
Hydrobiologie und Hydrographie 44: 137-179. 
Wieser W, Hopper B. 1967. Marine nematodes of the east coast of North America. I. 
Florida. Bulletin of the Museum of Comparative Zoology Harvard 135: 239-344. 
Wikström SA, Pavia H. 2004. Chemical settlement inhibition versus post-settlement 
mortality as an explanation for differential fouling of two congeneric seaweeds. 
Oecologia 138: 223-230. 
Wilding C, Grahame J, Mill P. 2000. Mitochondrial DNA CoI haplotype variation in 
sibling species of rough periwinkles. Heredity 85: 62-74. 
Wiley EO. 1978. The evolutionary species concept reconsidered. Systematic Biology 
27: 17-26. 
Wilkinson A, Solan M, Taylor AF, Alexander IJ, Johnson D. 2010. Intraspecific 
diversity regulates fungal productivity and respiration. PloS one 5: e12604. 
 261 
  
Will KW, Rubinoff D. 2004. Myth of the molecule: DNA barcodes for species cannot 
replace morphology for identification and classification. Cladistics 20: 47-55. 
Williams R. 1972. The abundance and biomass of the interstitial fauna of a graded 
series of shell-gravels in relation to the available space. The Journal of Animal 
Ecology: 623-646. 
Wong K, Cheung PC. 2000. Nutritional evaluation of some subtropical red and green 
seaweeds: Part I—proximate composition, amino acid profiles and some 
physico-chemical properties. Food Chemistry 71: 475-482. 
Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, Jackson JB, 
Lotze HK, Micheli F, Palumbi SR. 2006. Impacts of biodiversity loss on ocean 
ecosystem services. science 314: 787-790. 
Worm B, Duffy JE. 2003. Biodiversity, productivity and stability in real food webs. 
Trends in Ecology & Evolution 18: 628-632. 
Wright S. 1921. Systems of mating. I. The biometric relations between parent and 
offspring. Genetics 6: 111. 
Wright S. 1931. Evolution in Mendelian populations. Genetics 16: 97-159. 
Wright S. 1943. Isolation by distance. Genetics 28: 114. 
Wright S. 1949. The genetical structure of populations. Annals of eugenics 15: 323-
354. 
Wright S. 1978. Evolution and the genetics of populations: a treatise in four volumes: 
Vol. 4: variability within and among natural populations. University of Chicago 
Press. 
Wu J, Chen H, Zhang Y. 2016. Latitudinal variation in nematode diversity and 
ecological roles along the Chinese coast. Ecology and evolution 6: 8018-8027. 
 262 
  
Yang J, Tauschek M, Hart E, Hartland EL, Robins-Browne RM. 2010. Virulence 
regulation in Citrobacter rodentium: the art of timing. Microb Biotechnol 3: 259-
268. 
Yang Z. 2007. Computional Molecular Evolution. 
Yang Z, Rannala B. 2006. Bayesian estimation of species divergence times under a 
molecular clock using multiple fossil calibrations with soft bounds. Molecular 
biology and evolution 23. 
Yoder M, De Ley IT, King IW, Mundo-Ocampo M, Mann J, Blaxter M, Poiras L, De 
Ley P. 2006. DESS: a versatile solution for preserving morphology and 
extractable DNA of nematodes. Nematology 8: 367-376. 
Zhang M, Liang W-J, Zhang X-K. 2012. Soil nematode abundance and diversity in 
different forest types at Changbai Mountain, China. Zoological Studies 51: 619-
626. 
Zhinan Z. 1997. Phytal meiofauna of a rocky shore at the Cape d’Aguilar Marine 
Reserve, Hong Kong. The Marine Flora and Fauna of Hong Kong and Southern 
China IV: Proceedings of the Eighth International Marine Biological Workshop, 
the Marine Flora and Fauna of Hong Kong and Southern China, Hong Kong, 2-
20 April 1995: Kent State University Press, 205. 
Zular A. 2011. Sedimentologia e cronologia por luminescência da Ilha de São 
Francisco do Sul (SC): considerações sobre a evolução holocênica de barreiras 
arenosas da costa sul e sudeste do Brasil. Master thesis, São Paulo University. 
 
 
 
  
  
 
 
 
  
  
 
